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FP6 - ParticleAstro - ILIAS

4th November 2002

Research on Primary Cosmic Rays (NW)
Gravitational Wave Research (NW)
Direct Dark Matter Detection (NW)
Search for Axions (NW)

Low-energy neutrinos (NW)

Search for double beta decay (NW)
Deep underground laboratories (NW)
High energy probes of the cosmos (NW)
Astroparticle Physics theory (NW)

10. Advanved photon detectors (JRA)

©CoNoO~WNE
©CoNoO~WONE

11. Radio & acoustic particle detectors (JRA)  11.

12. Thermal noise in GW detectors (JRA) 12.
13. Double beta European observatory (JRA)  13.
14. Charge readout devices (JRA) 14.
15. Low background techniques (JRA) 15.

=
©

14th April 2003 1st April 2004

Deep underground laboratories (NW)
Direct Dark Matter Detection (NW)
Low-energy neutrinos (NW)

Search for double beta decay (NW)

High energy probes of the cosmos (NW)
Primary particles in space (NW)
Gravitational Wave antennas (NW)
Astroparticle Physics theory (NW)
Transnational access to deep labs (TA)
Low background techniques (JRA)
Advanced TPC tracking (JRA)

Double beta European observatory (JRA)
Advanved photon detectors (JRA)

Radio and acoustic particle detectors (JRA)

Thermal noise in GW detectors (JRA) fu n d ed at

Deep underground laboratories (NW)
Direct Dark Matter Detection (NW)
Search for double beta decay (NW)
Gravitational Wave antennas (NW)
Astroparticle Physics theory (NW)
Transnational access to deep labs (TA)
Low background techniques (JRA)
Double beta European observatory (JRA)
Thermal noise in GW detectors (JRA)

©CoNor~wWNE

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)

The ILIAS Project

 Three key science areas

 One key infrastructre
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GRAVITATIONAL WAVES ~€10M

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

NEUTRINOS - BB DECAY

Search for double beta decay (N4)
Double beta European observatory (JRA2)

DARK MATTER

Direct dark matter detection (N3)

THEORY

Astroparticle Physics
theory (N6)

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

The Future of WIMP Dark Matter

The Sun - Wed 30th April 2003

WE PAY £3m TO HUNT
INVISIBLE PARTICLES

...and they may not even exist)

By CHRIS RICHES

SCIENTISTS are spending
£3.1imillion of taxpayers’ cash
hunting INVISIBLE particles
that may not even exist.

They are searching more than
half a mile underground in York-

shire, at the bottom of one of
Europe’s deepest holes, for a
WIMP — a Weakly Interacting

Massive Particle.

The scientists believe WIMPs are a
type of “dark matter” that make up
95 per cent of the universe.

But not only are they invisible, the
scientists admit they may not even
exist at all. Their group. called the

g ‘ *
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Mysterious . . how WIMP may look

ersit Professor Neil Spooner, who
has {!een searching unsuccessfully for
15 years. He said so far he only
knows what is NOT a WIMP.

He said: “You don’t actually see the

Bright sparks . . . experts go to lab

UK Dark Matter Consortium, is being
funded by a huge' Government grant
to keep them ahead of rival projects
from America, France and Japan.

The group leader is Sheffield Univ-

WIMP, but you see the recoil of what-
ever it hits. If we are successful this
will be one of the great discoveries of
our time.”

But he added: “It is still possible
though we could be completely wrong.”

Prof Spooner’s latest search is at
the bottom of a salt mine in Boulby,
North Yorks. His team have built a
lab_where they can experiment while
hidden away from light rays.

It is reached by taking a lift more
than half a mile underground — then
walRing another half-mile through a
maze of tunnels.

Astronomers- believe dark matter
exists merely" because many laws of
science would fall apart without it.

Particles already’ known -to scien-
tists do not generate enough gravita
tional force to held galaxies together.

>

How to pay more and what

you might get!




MOTIVATION!

Three “dark” problems and

>050% of the Universe iIs still
unidentified

" swer w vee /U
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Broad region if GUT
constraints lifted

With grand unified theories -

allowed region collapses

Narrow allowed bands from
WMAP (Qh?) + collider + GUT
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Strategy flow chart/matrix

mssm : .
Roszkowski et al. no signal signal found
105 gMA ‘
2003 106 Edel |, CDMS |, Zep |I..
107 Edel Il, CDMS I, Zep IL..
2006 l .
10° scale-ups
Pb "up
-9 >
2010 10 |
10-10 1 tonne ~1 event/100kg/year
-11]
2020 10
100 tonne ~1 event/10ton/year
10-12 100 GeV 1000 GeV

barriers? e«technology barriers (manufacturability/reliability)
* background barrier e site barriers (depth & volume) e cost
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e technology

ion-thermal must have gamma rejection
xenon — > solved (>10°), because neutrons
directional/gas will become main problem

two targets/detectors is good a directional signal is good
show that events are galactic
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Current status (Sl) - ~10%pb (2003/4)

Ty

320 g Ge

detectors ¥ ."'

2 B ‘E Archaeological
i lead

Tt_;_ > 3'*] ;
CRESST II-Cawo,

-nucleon cross section, gb

EDMS II-GelSi

wmfu

1,607 PP BRI B " ;:.i

o ‘ N . -
WIMP mass, GeV progeiy DAMA - Nal .

assumes standard halo but see e.g. Copi+Krauss astr-ph/0307185 ——————
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WHAT'S NEXT

(path of no detection)

10-"-108pb (2005/6) in construction

needs 1 tonne
10-8-10-1%b (2008/11) (~zero background)

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

event rates

10-12pb (2015) needs 100 tonnes

(~zero background) .
e I _ can it be
WIMP physics at lowest cross sections done?
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rule of thumb: rock gamma rate = 10° x neutron rate
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Edelweiss Il

100 It cryostat for up

(21 x 320 g) 2004

120 detectors (36 kg Ge) Al

to

more towers
(4.5 kg Ge, 1.2 kg Si)

Scale-up to
10 kg planned

shielded cryostat

PE neutron moderator
plastic scintill. p-veto

LIBRA - Nal ()

In construction - 107-108pb (

2005/6)

3 |..F".I.
|
/

‘I-' 5

MA)

(250 kg-annual modulation)

- -

ZEPLIN Il and I

(UKDM)

two-phase
xenon

(6-30 kg)

Cosmics20-02-05 Apologies for those techniques and groups left out...




Xenon Basics

lonisation — xer (1) Single Phase Experiments
— +Xe DAMA Xe
Electron/nuclear recoill ZEPLIN | (PSD)
\ Xe,* XMASS | (no PSD)
Excitation
+e
\ (recombination)
Xg <@== Xe&*+ Xe (2) Double Phase
should give necessary
+Xe £ 6 .
IIIIII 10 'YrejeCtlon?
e Trple ng|;~ Lronm electroluminescence (2nd pulse)
27n/\3ns lonisation
X
2X e primary (1st pulse)

scintillation

XMASS I
XENON 10,100
ZEPLIN Il, ZEPLIN I
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Xe - two phase for Boulby

” ZEPLIN-III

yA=l5N\BIN30 kg design based on scale-up P m——
= R T I '12;“ ‘* ‘*e‘* “;E i e

= of UCLA 1 kg

6 kg high

finlA

Wl T | testchamber
Jtwo p u rp 0Ses:

g (1) experiments to reach ~1038pb
discovery?

(2) r&d for 1 tonne design

elect optlmum technology

UKDMC + UCLA, Texas A&M, ITEP
Cosmics20-02-05



Towards 1 Tonne Detectors

Main Issues
» gammarejection solved?, neutron reduction?, scaleable?, reasonable cost?

Possibilities

« GENIUS (HDMS) proposal for 100kg --> 1 tonne ?
Intrinsic low background but NO discrimination and expensive (mainly bb)

« LIBRA (DAMA) 250 kg now running
Annual modulation (what if DAMA region ruled out), PSD not sensitive enough

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

« ZEPLIN-MAXI/IV proposal for 1 tonne
Good discrimination, simpler but less proven technology?, less expensive?

e XMASS 1tonne (needs 10 tonnes) ?
Intrinsic low background but NO discrimination and expensive (mainly bb)
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Are neutrons ok at 1 tonne?

neutron simulations for Large Scale Xenon M. J. Carson et al. Astrop. Phys. 21 (2004) 667

GEANT4
SOURCES
FLUKA

» muon-induced neutrons at rock surface ”"\“*W\:FR'
i 1 !2.%?’ FI k E : -‘¢=z'r"= |
: s % 5 uka :i' a7 Iy i
10 'wuju::%m N it )
Wt |y % =N
v*, GEANT4 B
Rock neutrons | Y
1 F o,
: T, .
10 ﬂaggo q M;_
Muon neutrons «' see Kudryavisev
»" SNOLAB meé‘%ng ol
: i £ b
10+ % ol
Detector neutrons R N
0?1 1 10 TN “‘: _________ N
EleY t Nr:lmu'nwr;:.\lr\"

YES \/ 10°1° pb is possible with xenon with current technology
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1 tonne xenon design
UKDM, UCLA et al Two-phase modular

.

e ——_ )Y | Japan 1-10 ton single phase xenon
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33.4m

v

A

CONCLUSION:

can do it at Boulby even using ‘ 20 m
our existing space outside JIF

new space at Boulby 5 ,
would be better

Cosmics20-02-05

4

v

A

4m




more neutron issues Carson et al (submitted)

10 - 100
Rock Muon Detector (~1.5 tonnes inside
an nes shielding - 1 tonne modules)
10-%b 40 g/cm?
(1 unit) CH,

(100 units)

0.01-0.005 o

ct/yr/ton <
 —
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Higher internal purity or fiducial cut

Note: (1) neutron absorption length in LXe (or Ge) ~10m
--> 50 passive LXe neutron shield no good
(2) but neutron MFP in LXe (or Ge) ~15cm
--> 50 can use detection to define fiducial volume

_ large single phase liquid Xe with fiducial cut

- NO ydiscrimination -

volume for shielding

fiducial volume

30cm outer volume should suppress

7 PhTs neutrons by ~x10 (60cm by x100...) but
needs position sensitivity to define two
regions (e.g. 1 cm)

l.e. like XMASS...
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100kg Prototype 800kg detector
LTy -

E “”LL livetime

= | — All volume
E HLH 20cm FV
= — 10cm FV
= - (3kg)

fil
;

'E' | ' ™

S Sy Lo

A ¢ 7 [‘L| 102/kg/day/keV —

i LY

Now 0 &nu 1000 1500 2000 2s00  socootector
energy (keV)

(solar neutrino, BB ...)
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option 2 - ZEPLIN/XENON route

Cosmics20-02-05

large double phase liquid Xe with fiducial cut
- WITH y discrimination -

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

e.g. Wang et al.

Field rings

Y

Max drift 300us

//

—6qu —_—

\-_. ey . Csl e
K i, :
X I Coating [—*

“$ . Drift Field ratio =7




charge readout technology

GEM (Sauli, CERN)

| ¢ 3 . ¢ 9 1 convemsion
Xe Gas | ‘ 1
4 “II_I B AMELIFIEATION
Csl ; s
He : 0 -
COOI I ng /L IqUI d Xe Aluminized Mylar
; PTFE '
Field RN Draft (10000
: ~~. Reflector
Shapingff|®;4 | _
Ring - Csgl T Mlcromegas
(Giomataris
Strips )fi"(' SaCIay)
nucl.rec. Jk J\k s \ ’
Signal gl
eI ec.recC. J\ jk J\ J <=u:fsz.rm,. dion}
Csl photocathodesin LXe: E.Aprile, NIMA 338
(1994), 328; NIMA 343 (1994), 121. T plane
GEM phototubesin noble e sl Micropixel
gases: http://gdd.web.cern.ch/GDD/A .Buzulutsko Anode e - 0w ;
v, NIMA, 443 (2000), 164. = /== devices (Kobe,
-/ == e Tokyo, Kyoto,
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It works!

see P.K. Lightfoot talk at Paris TPC meeting Dec 04
quite well understood now (Sheffield group):

S TR J conclusion with Micromegas
(| Xegas+CH,

CH, quench in two-phase ok
CH, % can be optimised
0 bar ok
hole size/pitch can be optimised
(5) drift field can be optimized

1800

1700 @1 bar 2% methane
1600 # 2 har 2% methane
@ 2.5 bar 2% methane

® | bar 1% methans

1500 N

1400 } Jr% B | bar 4% methans
! 01 bar 8% methans

1300 J

fa0o I g &2 bar 4% methana

]
i g !
1100 f / + 1 @ 2.5 bar 4% methane
J i

Cl Qoo ! ! A 2.5 bar B% methane
@ ann i . ) ) A2.5 bar 1% methane
“ gao 4 ! / ! A2 bar 8% methane

! ¥
i ity
Py Py R

400 - @*‘ Pty wr -

lf
300 s A1 - S SV 4
200 ._.,f/ ._.-J'}f m'.‘-'" !%JJ j_: ij ‘Eé
100 = !9’ - =
0

420 440 460 480 500 520 540 560 580 600 620 G40 660 68O 700 720 740 76O
Anode to mesh pd
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First two-phase Xe by charge

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

200-
600 — Co57
400- fwhm
18%
200-
0- BUT so far

0.0E+0  200.0E-3 <00.0E-3 e&000E-3 S000E-3  1.0E+0  Stablefor
mV  gainis x 1323 20 min
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thanks to Hanguo Wang, Yannis Geomataris for discussions

plot. stolen from NOSTOS Features
(Giomataris) [gas TPC]

photocathode over entire sphere
ICARUS er surface makes use of known good

300 kv teedthrough! @i NOSTOS spherical gas TPC
(Wang et all) R et al.

QuickTime™ and a
TIFF (LZW) decompressor
e oo 166 I P

Al negas

U Giomataris - Saclay of

rﬂ\; ATI LT TIVULTVUTI

h efficiency means no need to
- xtract recoil ionisation (better if can)
micromegas or

nano-tip readout * Recoil discrimination (unlike XMASS)

EED

HV feed with
shaping rings
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Dream 100KTonne Lg Ar

A. Rubbia et al. possible alternative for Dark Matter

(proton decay, SN, VD osc..) if 39Ar can be removed (fp)
Dewar ¢ = 70 m, height = 20 m, perlite insulated, heat input = 5 W/m?
— e
Sinle detector- Charge Argonmﬂ'mll.lm& 73000 ma,mioarmdumeﬁ'lﬁ
) ) e : . Argon total mass 102000 tons
imaging, scintillation, Hydrostatic pressure at botiom | 3 atmaspheres
. Inner detector dimensions Disc & =70 m located in gas phase above liguid phase
Cerenkov ||th Charge readout electronics 100000 channels, 100 racks on top of the dewar
Scintillation light readout Yes (also for triggering), 1000 immersed 8 PMTs with WLS
Visible light readout ::mrhg:“’ 27000 immersed 8" PMTs of 20% coverage,
ingle y apability

Charge readout plane @ —————r————

Extraction grid

el tetaa el < E’*‘Pﬁ%

Cathode (- HV) UV & Cerenkov light readout PMTs

Cosmics20-02-05



A SIGNAL!

but can It be true?
pbut Is It galactic?

Paths from
Detection



Direction sensitive detectors

WIMP Wind
S

WIMP -,

recoil

3

Galactic
WIMP
Halo

/ December

| Recoil Flux at Boulby @ Ohrs Sidereal |

Altitude/degrees

L e TR

250 300 350
Azimuthidegrees

Cosmics20-02-05

-technology could also achieve first detection
-neutron suppression via sidereal modulation

WIMP
astrophysics



Models: many structures

* velocity space anisotropy
* bulk rota

substructure, clumps
_ ps

o UlrE= = =

* triaxality, Iogarlthml ellipsoidal
s Oblate vs. prolate
* late accreted sub-halos

* sub-structure on sub-pc scales

* spikes and caustics

Evidence:

e rotation curves
* local kinematics, Oort constants,

* tracers: satellites
(PNs, globular clusters, halo stars)

* IR maps

New satellite missions

Cosmics20-02-05

v (km s-1)

Stiff , Widrow et al..

MU|t|COmp0nentS Helmi et al, Evans et al...

QuickTime™ and a
YUV420 codec decompressor
are needed to see this picture.

Sun’s influence

Tidal disruption
streams - Sagittarius

K. Johnston et al, Sackett &
Merrifield reviews

Freese, Gondolo et al.

Fu-sin Ling et al.
Sikivie, Wick et al



Low pressure TPC

Simulated events
SRIM 40 keV S recoils in 40Torr Cs,

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

of srmirar
energy is off
. scale (sketch)
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Directional sensitivity - 1o+ - 102pb

< 10°

%’“ms preliminary

= / 10 °pb

=

St N

g 10 // (1u-"pb>
A\

L

—
=

Exposure  — Totgh

—— 107pb
1%

| Number of

10 detected
20keV Threshold
WIMPS

0 180 zﬂﬂneeded

_.
S

—
=

.

10" ¢ T

80 100 120 140 16

Triaxial M-B  Osipkov-Merritt e

Morgan et al. (UKDM)
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Sensitivity Note - DRIFT Il

This technology also good as a non-directional search experiment
« add 50% Xe

e increase pressure by x4

» throw away directionality but retain gamma discrimination

« RESULT: full DRIFT Il @ 160 Torr, 50:50 CS,:Xe

could reach 107 pb (zero backgound)

Cosmics20-02-05



DRIFT Programme - DRIFT |

DRIFT I: 2002/4 technology r&d [Alnet al. - NII\/'!?A 535/3 p644 |
(UKDMC, Temple University, Occidental College) - | -~

e 1m3 Dual Negative lon DRIFT TPC

Technology achieves yrejection (<10-°6)
No need for Pb shielding in DRIFT |

Aginog © I-1414a

| 2°2Cf - uncut data

Riall

PIBIYS HD Ylim
Aginog © I-1414Q

Energy (NIPs)

Cosmics20-02-05



DRIFT II: 2005/6 first directional array (5-10 modules)

first steps to cheap multi-modules

* X 20 improvement in sensitivity of D-I

e Modular... n (3-4) x 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: Ax =2mm, Ay = 0.1mm, Az = 0.1mm)

* Lower noise DAQ (few keV S-recoil threshold)

e Improved vessel design (<10°T.L.s?).

* Improved gas system (various pressure &
gas mixtures)
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Could 1t be scaled up? - DRIFT I+

[exfes]as]ar] ®uafusfunun] = [seerfar o] #[sa]ea]ar]en] #uefueue]us]

> d L 4 B
Ll < « »

A

10m 26m (8 modules)

DRIFT needs space, but
modules can be cheap

like Auger!
any but cheap modulegs

no gamma shielding
no cryogenics
no complex underground structure
no complex servicing
Nno expensive target materials
no big down time on power outages

3 N T e Oy
—aal =, i

oD e.g. DRIFT IIl - 100-500 kg? cleafn
area for
M| plan view assembly
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DRIFT Ill+ - how to scale-up

Option 1

DRIFT module

water
veto

e

PMTs pump

Option 2

storage tank /_

DRIFT module

water
veto

www.nationalpoolwholesalers.com RF shielding

Cosmics20-02-05

water shield:

muon veto (water scintillator)

cheap

safe for CS2

guick installation and removal (pump)

PMTs




DRIFT |l - constructlon
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DRIFT Il (A) installation

b

Chambers )

JIF CS2 sensor
Entrance
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BASIC LIMIT - Add Pb shielding until vessel background dominates (10 cm for 1 ppb)
B. Morgan, N. Spooner, D. Hoffmann, K. Zioutas (paper accepted in Astrop. Phys)

[1 m3yr, CS,, 160 Torr, a,,.s 6-20 keV, 1 ppbU/Th in vessel]

107 ¢
d,,,GeV1l [
aW 11 =11

o [
2]

10

S13 |

10
10-14_
B — unshielded
107" Cosmology
v
15cm Pb
107
«— R— 10° 10”7 10”7 10" 107 107 10” 10” 10” 10" 10"
AT Ny M

LSP, LKP, KK axion and directional
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The Ultimate Dream Detector?
halo sensitivity at 10-1°pb (2020+2..)

Basic numbers for wol, s =
= - ol 2
7l Fe55 5.9keV : .
= | l. m spectrum PN-YT (halo confirmation)
- >4000 mwe (ig \ " [ ‘ns viaisotropy)

_ _ Mine Shafts
gum track umgas readout (interpolation) ;
3 kg/m? target \A

lcm readout plane spacing (2d/3d) Tk S

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

Low background components ok: Lucite, Cu, Kapton
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lﬂ-a 3 T T T T

: * Recent rapid progress
1074

« NOW: CDMS, Edelweiss, ZEPLIN...
sensitive to SUSY models - 107 pb
(detection could be very soon)

108 &

10-9

« ~2 YEARS: Several experiments
expected to reach to 108 pb

e ~5 YEARS: Technology for 10-1%b (1 ton)
looks possible particularly with Xenon

10-9

10-10  ~10 YEARS: Technology for directional
detectors at 10-1%b (1 ton) also looks
possible now - it's important to be ready

with directionality

10-1

10—1!

100 1000
my (GeV)
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Earth-mass dark matter halos

Earth-mass dark-matter
halos as the first structures
in the early Universe

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

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.
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Purification of Xenon

XMASS: success in reduction of Kr concentration in Xe from

Cosmics20-02-05

310[ppb] to < 5[ppb] with one cycle (~1/100)

Moriyama et al.

Gas Kr
iy b
||
Temperature
N
|
M Boilng pont
e T 165k
Kr 120K




An active neutron veto?

(1) internal neutron vetoing 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)

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

—
=

Numb&y of events

(a) 80% of recoils are singlé hit 10°
(E,.. >10 keV) :

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

10 E

Multiplicity
Cosmics20-02-05



How many WIMPs to see the halo

Generic optimum DRIFT detector

[B. Morgan, A. Green, N. Spooner - Astro-ph/040804]

Model for realistic (advanced) detectors
40 Torr CS,

e 1 kVcm- drift field

« 200 mm resolution

* 10 cm drift

» SRIM2003 - recoil scattering and diffusion

Vectorial Statistics:

Axial Statistics:

Recoil directions estimated as principal axis

+r of moment analysis of pixel signals.

Recoil sense known(unknown): 10-20i
Isotropy at 95% confidence in 95% of e~p

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

Halo Nigo Tor (R, A2) = (0,90, 0.90)
Model | Vectorial Statistics| Axial Statistics
A|F| (cost} | B" | G |{| cosf}

y1z[12] 7 [[167)168] 104

12112 7 112(114 73

1415 156 | 157 \
1213 @ 148 | 150

s [15(15 215|215

1111 [ 67 | G& 47

14(14| & 80 | 88 74

B l1318] 7 176|177 112

5 [15(16| 9 264 |265| 188

» 115(15| 8 27R 281 194

12{12| 7 126128 81

y |16 (17 O 233|234 210

Niso for (Re, Ac) = (0.95, 0.95)

1 |18 1gf1e] 11 [[23as[2as] 1a

1 (no)| 16 | 16|17 9 128|129 65

predictions for TPC-type detector

-] &

a0

10
11
12

with 200 um resolution

16
19
18
21
21
17

20

16
20
18
21
21
17
20

16 10
20 12
19 1]
22 3
21 -2
17 10
20 15

G | 06
125(126
248 | 249
376|379
3905|399
180|180

326|327

59
94
142
237
244
102

L
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Lightest Kaluza-Klein Particle (LSP)

Can look at other WIMP candidates
Alternative (or supplement) is Extra Dimension theory

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

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

b LKP (Lightest Particle)

 Assumes a Higgs mass of 120 GeV

e Higher Higgs mass lowers the
cross section (x10 for 300 GeV)

« Greater B, g degeneracy
Increases Ccross section

(4] .”(B“Jn% an} (pb)

t’j.S{BiI h— an) (pb)

Ll b L L L
0.8 0.9 1 L1

| - | - | I - | - | - | I - 11
0.6 0.7 0.8 09 1 L1 2 06 07
my(l) (TeV) my(1) (TeV)

Typical values KK o ~10"pb___ 0P ~10°pb
Typical values neutralinos 2% ~10™*~10°pb___ 0¥ ~10°-10°pb

Cosmics20-02-05



DRIFT ll(a) - First test data (surface)

Raw Data

drift2a—-20050112-04-0001-wimp drift2a—-20050112-04—-0001-wimp
g N Background (1/12/05), event number = 643 Background (1/12/05), event number = 643
|1 Feb5 Calibration g { Meeo7s3 etaz=iszom o J T p—————
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I
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Better PSD for higher pressure

DRIFT IIl (US-UK)

« GEMs,Micromegas
o 25 x 25cm trials

NEWAGE (Japan)

* micro-PIC (micro pixel chamber)
* 120 micron 2-D position readout
« 30 x 30 cm under development

anode signals |

Fe55 5. 9keV

spectrum
Br 5cm dev

2 atm Ar-CzH (9:1)

K/
v e

t
4
a
"y .

i

Ultimate aim - HEAD-TAIL discrimination --> x10 better halo identification
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Directional technology ideas

Organic Scintillators = [
DAMA, Sheffield neutr ons—> (i ) 5% 1996
| ’ | £80 ‘
‘©
)
Tokyo/Kyoto (Japan <70 ]
Y Y (Japan) resultsfor 48 keV carbon recoils % J‘ i
in trans-stilbene (UKDM) 260
>0 26:200 20 40 60 8010020
perpendicular axis rotation angle (deg)

multilayer s/c and scintillators (Sheffield), bolometers (Stanford),
Si (Temple), He (Brown), Mica (Occidental)....

Saclay, UCSD, Temple, Occidental, UKDMC

(UKDMC + Occidental College, University of == DRIFT (US/UK)

New Mexico, Boston University)
NEWAGE (Japan)
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Organic Scintillator (Japan)

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

small level of directionality (~7%)

a
e poor targets - stilbene (H, C)
0 * high background
® ..
> S Howing Blacksheer  Stilbene  Nal(TI) PMT
[
Response to ~100 keV carbon recoil  [=*dh HL I HN
il N\ L T
160 T R ecoil energy : 100~ 105keV = 6 =80° —— o . -
140 §=0° —— 1 ‘ Quartz Optical Grease ‘
120
3 100
é 80
g 60}
40 |
20 |
0 1 1
0 2 6 8 10 12
Visible Energy keV
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e.g. assume bkg = 1/year --> 3 events (90% cl discovery); 4 ev (95%)..

Olyear --> 2.44 upper limit (=3 events)

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

Scattered WIMP

40—

Count

30 WIMPs
/”7 |

ol L
0

I P |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

lcos(y)l i
Monte Carlo --> 10s WIMPs needed to establish signal is directional
I.e. at least 10 times more statistics
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D-1 (20 keV

sy
=]

Limits and sensitivity

[y
[—]

[
T T TTTTIT

=
&

WIMP-nucleon cross-section, pb
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MSSM S

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

Bands allowed by

collider limits r
Eba
Experimentalists
conclusion:
worth a bet!

Cosmics20-02-05

USY SO(10) GUT

103 E T T T T | T

10 E
105 .

10-¢

10-2 E
10-10 |

10-11 |

10-12 1 L L1
100 1000

m, (GeV)

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



Replace PMTs with charge readout

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

e |deas from CDMS collaboration

-xploring cryocooler

o — I-\|h1|nhl4.13..uu]u
system with little or no
cryogen servicing

L | - - -
- 1 a
1 &

p . BEEEEEEEEE
EESEFERIEE
- 4 +4 | | . —
X3 E::I;lEEE
b == ==
i [ HEE BEE==
- ==y
= h 4 | | %::::
- Y BEEEEREEEEE

A: Development Project - Soudan (2008)

B: SNOIlab, run 25 kg (2011)

C: Advanced detectors 150 kg-1000Kg (2018)
very expensive - needs larger collaboration
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DRIFT vision

A directional signal - definitive EE THE WIMP HALO!

DRIFT technology - needs space, but:

no cryogenics needed

no complex underground infrastructure

no complex servicing

Nno expensive target materials

no major problems (down time) with power outages
no levelling

modules potentially cheap (20K/Kg?)
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o3l (pb)

10-9

10-4

10-®

10-8

10-7

10-8

10-#

10-10

10-1

10-12

100

ST, ZEPLIN....
MS...



Assumptions (Xe and Ge):

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

Internal detector neutrons dominate

(2) external Gd neutron veto

(detection of gammas
from neutron capture)

_ probably poor solution because only 70%
conclusion  rejection but have to add material, which
itself must be very low background
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Better PSD for higher pressure?

DRIFT IIl (US-UK)

Yo, = 40OV

« GEMs,Micromegas
o 25 x 25cm trials

NEWAGE (Japan)

* micro-PIC (micro pixel chamber)

» 120 micron 2-D position readout
« 30 x 30 cm under development

.2 atm Ar—C,H; (9:1)

2/
. 9;(6 7

, &
vy T8

< 1
3 " [em]
57

Ultimate aim - HEAD-TAIL discrimination --> x10 better halo identification
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Ultimate goal - WIMP astrophysics
\WIMP flux inputs for example halo models-

{
180.0° |

-assume all S (32GeV) recoils with 100GeV WIMPs.

Standard
‘Maxwellian halo,
| vy=220kms™.

._ N-body simulations also
\.. suggest mild radial orbit
' bias.

+90°

. Triaxial - rather __
»s eXtreme case: m
p=0.72, q=0.7

| Triaxial halo with p=0.9,
.II. 1800 q :O. 8 )

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

day directional

modulation
ratio ~1:100 at >50 GeV

\~30 kms

600 /
Jun 2nd

~220 kms?t sun

A

_~ Earth

i

WIMP —~ e

(E.r/R)AR/ME

/\\

.’ = ™ annual modulation

0)
E/E.r) few %change
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Current status (SD) (2003/4)

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

- Higgsino -
[=%
g
% 10|
2
F)
g
s 1
(=%
e
=
=
=
g
>
&
g
L]
-
£ 10 b
E I
el
= |
= 10 10° 10° 10*
WIMP mass, GeV

WIMP-proton eross-section, pb

WIMP-neutron ¢ross-section, pb

ZEPLIN | - Xe

F ™

h\.__

preliminary..~~

WIMP mass, GeV

-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

Cosmics20-02-05



WIMP experiment summary

Bolometer

TPC gases

Inorganic Scintillator 3
Nal(Tl), Csl(Tl), CaF,(Eu)... BUD

Organic Scintillator
Stilbene, plastics, liquids...

Noble gases

LABORATORY EXPERIMENT TECHNIQUE
Bern (Switzerland) ORPHEUS (SSD) Tin Superconducting Superheated Detector
Boulby (UK) NAIAD Nal scintillator (50-60 kg)
ZEPLIN | Liquid Xe scintillator (4 kg)
ZEPLIN [I/1I Liquid-Gas Xe (scintillation/ionisation) (6-30 kQg)
N Max Liquid-Gas Xel ton detector (under development)
e Semiconductor /11 Low pressure CS, TPC 1m3
Ge, Si, GaAs, TIBr.... Ge ionisation detector (2.1 kg)
ON Ge detector in construction (4x7x2 kg)

Nal scintillators (110 kg)

eiss

NTD, TES...Ge, Si, LiF, sapphire....

S/C granules

e Superheated droplets |cno

CaWO, and BGO scintillating bolometersg#s0-200 Q)
\___Ge thermal/ionisation detectors (n x g
Ge ionisation detector (2.7 kg)

ila

. TPC (directional)

.0-9.9°kg
TeO, thermal detectors (41 kqg)

1000x760 g TeO, (under development

Large mass liquid Xe (R&D)

(SDD) Superheated Droplet Detectors (Freon)

5 kg Ge +1 kg Si thermal/ionisation detectors

1 kg Ge +0.2 kg Si thermal/ionisation detectors

(SDD) Superheated Droplet Detectors (Freon)

ELEGANTS VI

Massive Nal scintillators (670 kg)
CaF, scintillators

Cosmics20-02-05
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1?!7 P'J!ﬁl 3 Kg fiducial volume

=
©
°
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Q
X
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>
L

| BUT is light collection sufficient
S00 1000 1500 2000 2500 3000 _ e e .
erergy (keV)  fOr position sensitivity?
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Aim - See the galactic WIMP halo

how many WIMP events are needed?

+40)

I 1800

G

TR W LA
S0 [EH 1500
WIMP Flux/m™s'sr!

Cosmics20-02-05

[ Halo | Ny for (Re, AJ) = (0.90, 0.90)
Model | Vectorial Statistics| Axial Statistics
welAlx] (cos@} | B® | G [{] cos @ }1
213 7 67168 104 |
12{12| 7 112]114| 73
14[15 156 [ 157
12]13 148 | 150 @
1515 215(215
11{11| 6 67 |68 | 47
14/14) 8 80 |88 | 74
13018 7 176177 112
15{16|] o |264|265| 188
15(15| 8 278|281 194
12(12 T 126|128 81
617 o ||233|234| 210
Nise for (K., A:) = (0.95,0.95)
1 |18 [18[10] 11 [[23s[235] 131
1 (no)| 16 [16/17] o 128/1290| 65

predictions for TPC-type detector
with 200 um resolution

(i 16 16|16 10 06 | 06 50
; 19 | 20|20 2 1251126 04
8 I8 18|19 11 D4R | 240 142
0 ] 3 T 97
¢l él|22 . Morgan *

10 21 |21 (2] 244

B
11 17 (17|17 A Green 102

12 |20 (20[20] 15 J_:t:lﬁi‘i%_".‘. 276 |




Possibility 1 - wiggle room? e.g:

Many different model assumption explored - can push allowed region around

i Model uncertainties
10° 5
\ Halo structure - v, V...
) \ 2.5 T T I T T T T T T T
10¢ + \ I|:.
\\\ ! l,II MNal detector
AN W Wpgye=50GeV
~ ) R
Q ':_ ":I'I.I
< 0+ 1"',}\ with Sgr
[‘L DAMA/NaT A\ gt raaTn
9 . i - \ (see K.Freese et al.
0 - mm‘g.._\\astro-ph/0309279)
AN .
107 + AN .
| | June 28 |
10! o — —— December 27 S, i
1 I 1 1 1 Iq'-lhﬁ-l
Vime  (GeV) E"ﬂ 5 4 &
_ E_, [keV]
a steep spectrum but SD would give flatter spectuum T

5-6 0.03+/-0.01

- I and Na comparable (no A2dominance) -

need to look at influence of this on the other new limits
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Paths from detectlon 10-5pb (now- 2005)

:-E Bl 1—I !r i—"—!—t— T ! —--l.— 'I'Fﬂ-i— W - rﬂ—i—i!-’l:lf: E.; 1-21
%Mﬁ % © 10 i
. / x_’{' ﬂ‘&}ﬁ%\{ﬁ * i ”HrJr -{m " 6 |
g“" 7 years of modulation 1
T 1 Gkl ‘1500 2000 ..sunul ' 10 -8 |
fitted: A =(0.0210 + 0.0038) cpd/kg/keV | ime (day) ’ 200 ‘"“:M}
Any wiggle | I, CDMS I, Zep |.?

o if pure Sl - very diff
s component of SD

ep spectrum but SD

d give flatter spectrum
d Na comparable

2 dominance)-

- What if correct?

» Alternative Nal experiments?

 More annual modulation - Libra (250 kg) underway (1 Ton Nal next)
 ==p progress to directional confirmation now.......

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