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Nuclear recoil EEE& O im &

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10" GeV,
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Usual nuclear emulsion (>um)

Until now, Fuji Film developed and produced.
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NEWAGE (CF,, REBAF 1)

(New generation WIMP search

with an advanced gaseous tracker experiment)
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NEWAGE future

+ Current result: (30cm)3=0.03m3, E,,=100keV

target mass=11.5¢g
BG:50/keV/d/kg @E,,

(DAMA ~1/keV/d/kg @ 2keV)

DAMA(Mal} alfowed ‘ 9 0'<5400pb

NEWAGE 2015
(0.1m3year; BG 20dru@35keV)
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Spin dependent (p)

30 detection sensitivity
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XMASS (xenon)

RK, P, Kl kB, #EE. BHEEF K, &K, Sejong, KRISS

@®XMASS

© XENON MASSIVE DETECTOR FOR SOLAR NEUTRINO (PP/7E
© XENON NEUTRINO MASS DETECTOR (DOUBLE BETA DECAY)

© XENON DETECTOR FOR WEAKLY INTERACTING MASSIVE PARTICLES

(DM SEARCH)
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Cross-section [cm~] (normalised to nucleon)
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Nuclear recoilf & HFIZ30LI L
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CDMS Plans

SCDMS Soudan 10kg 10
interdigitated SR
>15kg previous CODMS &
2011-2013->152: 8-> 52 10*° cm? \.g\",‘
Depends on neutron background g 10 1L
Similar to current sensitivity of Xenon 100 D
(looggcyz) § 4 @ Soudan Pa o et
Cross ¢ o b, : o e O i
+ c;);snons‘rmﬁon of technology for SNOLAR f,,c’ Lo o g s
SCDMS SNOLAB 100kg € . .|, 100 N -
2015-2018 3 10*¢cm? 2 =20 AT
Part of Generation 2 competition - SRV
€ 107! 1.5T
= g @ DUSEL
GEODM DUSEL 1.5 tonne 5§ |
20182-2022? 2 10% cm® 1071 B | 20
Challenge is to produce detector at 10° 10°
low enough cost ($50M + 50% Neutralino Mass [ GeV/ ¢2]

contingency)

Mykomoz 06/30/2011 26 2 Sedoulet




DUSEL and Homestake

Deep underground Science and Engineering laboratory
Being studied by NSF since #2000

51: scientific importance— site independent, multidisciplinary. nation wide
study

52-53: => choice of Homestake

Preparation of MREFC (+$50M NSF, =$110M Scuth Dakota -including
private donor)

Dec 2010: Collap=e!
NSF National Science Board expresses reservation with implementation of

the project: do not fund bridge funding... Unhappy about:
Costz $860M in 2011 dollars
Balance:Too much infrestructure, net cnough scicnce
Stewendship model: NSF building infrastructure

But encourcges to rethink the project
NSF/Office Management of Budget decide not to pursue development
Presidential budget of 2011

DOE comes to rescue!

Fortunately, the Department of Energy reacted rapidly:
* Formed a committee (the "Marx-Reichanadter Committee"s "Marx
Committee”) to consider cost effective options for implementing a world
class underground science program.

* Funds are being provided by N5F (FY11) and DOE (proposed FY12) to keep the
Homestake 4850 ft level dry and safe through September 2012, while
decisions are being made.

PRON S VY 29 B Cakda

[rn— e e L

Marx-Reichanadter Committee

Report at HEPAP Thursday June 23, 2011

The Marx committee strongly endorses the LBME, Dark Matter and
Meutrinoless Double Decay Science.

Deploying stand alone Dark Matter or double beta decay experiments at
Homestake 4850 ft (or a fortiori at 7400) would not be not cost
effective.

SMOLAE: likely not enough space at it is: would need extension!

However, in spite of a cest differential (estimated at $100M, to be
confirmed) in favor of of SMNOLAR:

The presence of LBME at Homestake ot 48501t would make attractive
the siting of dark matter and double beta decay experiments at the
same level, "if the infrastructure needed can be shared in a cost
effective manner®.

A commoen facility is iﬂur"rﬂnt for the training of the next generations
of US scientists and * locating such a facility in the U.5. would help
to promote U.S. leadership in these fields for the foreseeable future.”

Marx-Reichanadter Committee

LBNE
The Marx Committee favors a location of the LBNE far defector at 4850t

and argues for a fast fechnology cheice process.
It suggests thar a twe-phase approach with Warer Cherenkov in a first phese ard liquid
rin @ sccord phezc would be attractive, leading to richer physics and possibly lower
cost of the first phase.

Fact not known to Marx committee
4860ft locetion of liguid Ar is compenable in terms of cost to 800ft
better in terms of science ard simplify coupling with dark matrer and double bete decay
=» drop 800ft cption?

Homestake rises from its ashes!
Much scaled down compared to DUSEL
Real interest at OSTP and in Congress
survival of Fermilab
low operation support costs: $20-22M vz $70-80M for DUSEL
NSF now seems ready to play a scientific role
Contribution to experiments
Science MREFC? (e.g. Dark Matter + Double beta)

Mhykonss /30,2011 a B Sexdeuslet

Mykonss 06/30/2011 92 B Sadaulet




. 2 .
Cross-section [cm~] (normalised to nucleon)
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DATA listed top to bottom om plot

DAMA/LIBRA 2008 3sigma. mo ion channeling
WARP 2 3L 96.5 kg-davs 55 keV threshold
CRESST 2007 60 kg-day CaWid

Edelwerss 1l first result. 144 kg-days mierleaved e
ZEPLIN 11 {Dec 2008) result

XENON 10 2007, measured Lefl from Xe cube
CDMS: Soudan 2004- 2009 Ge

Trotia et al M0E. CMSSM Bayesian: 68% contour
Trotta et al 2008, CMSSM Bavesian: 95% contour
Ellis et. al Theory region post-LEF benchmark points
Bahz and Gondolo 2003

Baltz and Gondolo, 2004, Markov Chaim Monte Carlos

http://dmtools.brown.edu
Gaitskell Mandic Filippi

90%C.L.

pr>2x10'45 cm?
for 50-100GeV WIMP,

1yr exposure, 100kg FV,
BG: 1x104 /keV/d/kg
Scintillation efficiency: 0.2

Expected energy spectrum
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J.D. Lewin, P.F. Smith/Astroparticle Physics 6 (1996) 87-112
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Sensitivity of mixing angle by pp experiments
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The XENONIT Experiment

Designed to probe the og-region down to 5x10#7 cm?
TDR submitted to LNGS in October 2010

Approved by INFN in April 201 |

Construction in Hall B will start Fall 201 |

Full physics reach expectedby 2015

/

LNGS HallB

Thursday, Juns 30, 2011
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Complementarity
between LAr and LXe

e

5 ton—years Xenon (50%)
R 10 ton—years Argon (80%)
. 5 ton—years Xenon (50%) + 10 ton—years Argon (80%)

M =100 GeV
M = 60 GeV Ar:-141 events
Ar: 119 events 0 31C i

M = 200 GeV
Ar: 102 evenis

M = 600 GeV
Ar: 51 events
" WIMP-nucleon

cross section = 10° pb
1-sigma contours

1

Frday, July 30, 2010 14



DAMA/LIBRA @ GS

Tk
arX1v:0804.2741v1 0.025 [ _._—'_+_|_
0 RESETHRE. AR S e
Fiak et s I L )
-
2 .
E‘“):—. o A S £ N S T T N T T T T N ) B B A
J‘; .. . 8§ 10 12 14 16 18 20
& ) Energy (keV)
= .
f; DAMA/Nal
2l N e HLEE % TE
= e efetoe o o @ " e
= , DAMALIBRA 8.2 sigma C.L. with
2 5 0.82 ton x year
LIBRA-WIMPs iy } No BG rejeCtion
-1 ~ RN
0 r V. Kudryavtsev o5 0_) NA—ET /b
: at TAUP2009 DFEREERNBER
ERNE FRWES i IR IR LNENE CENTE FRET FRA RS FUTE BG.
0 1 2 3 4 5 6 7 8 9 10

Energy, keV )

High QED E % F iE,



7th Pairas Workshop on Axions, WIMPs, and WISPs: Probing Low-Mass WIMPs with Liquid Xenon

DAMA

David Nygren has pointed out [arXiv:1102.0815] that the
muon rate measured at LNGS fluctuates annually (same
period and phase as DAMA), and provides an explanation
on how muons can produce delayed low-energy scintillation
pulses, possibly mimicking a WIMP signal.
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As an exercise, | have zoomed
in with a magnifying glass and

put a red dot over every 21 Am —a¢ %

event that is leaking below the
signal acceptance line.

The spectrum of these leaking
events is in red, and doesn't
seem to support their
background model.

Keep in mind, | have picked out
these data points by eye, so this
spectrum is only a qualitative
assessment, but it indicates an
increasing degradation of

surface rejection starting at
~1.3 keV and below.
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N Grieh™ A. Manalaysay, 30 June 2011
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