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How to search for dark matte r?

Indlrectly @{ Dlrectly

Production Annihilation
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Detection techiues

‘,. Actlve targets target |s also detector
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/I I%I\/I partlcle weakly scatters =» one of the
target atoms recoils, depositing energy
B Deposited energy generates photons,

phonons and charge
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The d —— detectlon premise...

lnteractlon of galactlc WIMPs (our Dark Matter)
f|n ultra Iew background terrestrial detectors
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| of Weakly interacting
massive particles

= \We search for the rare collisions of DM particles
with normal matter here on Earth.
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Solar System from 100 AU
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This session

) Lumley Castle 12:30 - 14:00
// o 14:00 The ﬁnderground search for dark matter: how deep can we go? Alexander MURPHY
/’/
/ Lumley Castle 14:00 - 14:30
SuperCDMS Wolfgang RAU
Lumley Castle 14:30 - 14:50
Status of KIMS Moo Hyun LEE
3900 Lumley Castle 14:50 - 15:10
Tcstiﬁg DAMA/LIBRA signal with ANAIS112 Maria MARTINEZ
Lumley Castie 15:10 - 15:30 |
/ - PICO: dark matter detection with bubble chamber detectors Miquel ARDID
A Lumley Castle 15:30 - 16:00

So here I'll discuss:

2z Two phase xenon TPCs

LUX (PandaX, XENON1T, XENONNT, LUX-ZEPLIN)
2 Single phase argon: DEAP
2 Something different: NEWS
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LUX

(and two-phase LXe TPCs in General)

d 3
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SURF — DAVIS CAVERN, 4850-FT U/G LEVEL

Ray Davis’ Solar Neutrino Experiment
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Ratio of S2 to S1 depends on the type of incident particle - dg
allows us to reject >99.5% of background events 16
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PRL 112, 091303 (2014) PHYSICAL REVIEW LETTERS T RARCH B »
5 - Physical Review Letters 112 (2014), 091303
First Results from the LUX Dark Matter Experiment at the Sanford Underground

Research Facility

D.S. Akerib,” H. M. Arafjo,” X. Bai,® A.J. Bailey,' J. Balajthy,'® S. Bedikian,"” E. Bernard,"” A. Bemstein,”
A. Bolozdynya,” A. Bradley,” D. Byram,” S. B. Cahn," M. C. Carmona-Benitez,”'* C. Chan,' J.J. Chapman,’' A_A. SN
Chiller,” C. Chiller,” K. Clark,” T. Coffey,” A. Currie, A. Curioni,'” S. Dazeley,® L. de Viveiros,” A. Dobi,'® J. Dobson,™ |

Initial run Spin Independent results

E. M. Dragowsky,’ E. Druszkiewicz,” B. Edwards,'”’ C. H. Faham,'* S. Fiorucci,' C. Flores,” R.J. Gaitskell,' /J 118 kg
V.M. Gehman,® C. Ghag,"" K.R. Gibson,” M. G. D. Gilchriese,” C. Hall,'® M. Hanhard,*” S. A. Hertel,"” M. Hom,"” .
D.Q. Huang,' M. Ihm,”” R. G. Jacobsen,'” L. Kastens,"” K. Kazkaz,® R. Knoche,'® S. Kyre,'* R. Lander,'” N. A. Larsen,"” 85.3 live days
C. Lee” D.S. Leonard,'® K. T. Lesko,” A. Lindote,” M. L. Lopes,” A. Lyashenko,"” D.C. Ma.lling.' R. Mannino,"” ; : :
D.N. McKinsey,” D.M. Miei." 1 Moc" M, Moongwelwan” J. Morad. M. Mot A Sc1. Murpy. AmBe and fixed source gamma ray calibrations
C. Nehrkor,"* H. Nelson," F. Neves,” J. A. Nikkel, " R. A. On," M. Pangilinan,' P. D. Parker, “E.K. Pease.’ K. Pech,’ . Enforced threshold at 3 keVyr

P. Phelps,” L, Reichhart,'' T. Shun. C: Sllva. W. Skulski,"” c. sma,"’ VN, Solovov P. Sorensen,” T. Suegju.'o
K. O'Sullivan,'® T.J. Sumner,’ R. Svoboda * M. Sweany,"’ M. Szydagis,” D. Taylor,” B. Tennyson,'"” D.R. Tiedt,”
M. Tripathi," S. Uvarov,” J.R. Verbus,' N. Walsh,"* R. Webb," J. T. White,"™" D. White,"* M. S. Witherell,*
M. Wiasenko,” F. L. H. Wolfs,'” M. Woods," and C. Zhang"*

(LUX Collaboration)

Drpamnenl of Physics, Brown University, 182 Hope Street, Providence, Rhode Island 02912, USA N
'l)qmlmenl of Physics, Case Western Reserve University, 10900 Euclid Avenue, Cleveland, Ohio 44106, USA
"Department of Physics, Harvard University, 17 Oxford Street, Cambridge, Massachusetts 02138, USA
Iﬁgla bn:rp Physics, Imperial College London, Blackett Laboratory, London SW7 287, United Kingdom
*Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, California 94720, USA
“Lawrence Livermare National Laboratory, 7000 East Avenue, Livermore, California 94550, USA
"LIP-Coimbra, Department of Physics, University of Coimbra, Rua Larga, 3004-516 Coimbra, Portugal
*South Dakota School of Mines and Technology, 501 East St Joseph Street, Rapid City, South Dakota 57701, USA
“South Dakota Sdmcr and Technology Authority, Sanford Underground Research Facility, Lead, South Dakota 57754, USA
“Department of Physics, Texas A & M University, College Station, Texas 77843, USA
Drpalwm o[ Physics and Astronomy, University College London, Gower Street, London WCIE 68T, United Kingdom
‘Department of Physics, University of California Berkeiey, Berkeley, California 94720, USA
Drpamnml of Physics, University of California Davis, One Shields Avenue, Davis, California 95616, USA
"“Department of Physics, University of California Santa Barbara, Santa Barbara, California 93106, USA
“suPA, deol of Physics and Astronomy, University of Edinburgh, Edinburgh, EH9 3JZ, United Kingdom
"“Department of Physics, University of Maryland, College Park, Maryland 20742, USA
Drparmmu of Phyxics and Astronomy, University of Rochester, Rochester, New York 14627, USA
Dfpan‘mml of Physics, University of South Dakota, 414E Clark Street, Vermillion, South Dakota 57069, USA
“Department of Physics, Yale University, 217 Prospect Street, New Haven, Connecticut 06511, USA
(Received 30 October 2013; revised manuscript received 21 January 2014; published 4 March 2014)

The Large Underground Xenon (LUX) experiment is a dusl-phase xenon time-projection chamber
operating ot the Sanford Underground Rescarch Facility (Lead, South Dakota). The LUX cryostat
was filled for the finst time in the underground luboratory in February 2013, We report results of the first
WIMP scarch data set, taken during the period from April 1o August 2013, presenting the analysis of
85.3 live days of data with a fiducial volume of 118 kg. A profile-likelihood analysis technigue shows our
data to be consi with the back d-only hypoth wllowing 90% confidence limits to be yet on
Jependent WIMP-oucl eluuc ing with & mini upper limit on the cross section of
7 6 % 10°* cm® st a WIMP mass of 33 GeV/¢*, We find that the LUX dats are in disagreement with low- LUX201 4
mass WIMP signal interpretations of the results from several recent direct detection experiments.

XENON10-225 day

S

WIMP -nuckeon cross section (em®)

DOL 101103/ hysRevLet 112.091303 PACS numbers: 95.35.+d, 29.40.Gx, 95.55.V) o

[
Convincing evidence for the existence of particle dark  Increasingly detailed studies of the cosmic microwave 10 10’ p
matter is derived from observations of the Universe on  background anisotropies have implied the abundance of GeV/ 2
scales ranging from the galactic to the cosmological [1-3].  dark matter with remarkable precision [4.5]. One favored Mo § c)

0031-9007/14/112(9)/091303(7) 091303-1 © 2014 American Physical Society
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PHYSICAL REVIEW D 93, 072009 (2016) .

) N T S S A - Physical Review D 93 (2016), 072009

%

D.S. Akerib,"*' H. M. Aradjo,’ X Bai," A.J, Ballcy. 4 f Balnjthy. P Bcltmmc E.P. Bemard,"” A. Bemstein,”
T.P. mednnﬂu" 'EM. Bclvullon A. Bt;udlcy, R. Bl;unmnte. S B. Cahn," M. C. Carmona-Benitez, '"C Chm.”
J.J. Chapman,”” A. A. Chiller,” C, (.hlllcr. =0, Lurdc. J.E. Cutter,” T.J.R. Davison,’ L. de Viveiros, * A. Dobl, H HH H H
J.E.Y. Dobson,"” E. Druszkiewicz,” B.N. Edwards," C. H. Faham," S. Fiorucci," R.J. Gaitskell,”” V. M. Gehman, Dispersed tritium calibration
C. Ghag," K.R. Gibson,' M. G. D. Gilchriese,”” C.R. Hall,’ M. Hanhardt,"" §.J. Hnsclschwandx ' S. A. Hertel, ™"

D.P. uogm’" M. Hom,"* D.Q. Huang, " C. M. Ignarm,™' M. Thm," R, G. Jacobsen,'” W. Ji,'*"' K. Kazkaz,’ =

D. Khaitan,'"” R. Knoche,” N. A. Lay C. Lee,"™ B.G. Lenardo,”™” K.T. Lesk ”/\Lidu“\ill.o ‘ i i
D.C. Malling,"" A. G. Manalaysay,’ r::':. Mannino, ‘"M F. M::mm. D.N. McK::mcy "3 ?w Mei," J. wp:r‘ /J In situ measurement of ER response to low energies
M. Moongweluwan,'” J, A Muud"/\ St.J, Murphy. C. Nehrkor," ll N Nelson,"” E. Neves," RS OSullmm."” - b Tn‘“ated methane

K. C. Oliver- Mallory "R.A. On," K.J. Pallndlno. M Pangnlxmm I:. K. Pease,” P Phclm L. Rcu:hhm.
C. Rhyne,"” S. Shaw,' T. A, Shutt," C Silva," V., N Solovov,"* P. Sorensen,” S. Stephenson,"’
T.d. Sumncr M. Szydagis,”' D.J. Tnylot W, ’lhylor B. P. Tennyson,” P. A. Terman,’ D, R. Tiedt,

L} L\l L} T
W. H. To,"*" M. Tripathi," L. Tvrznikova," S. Uvarov,"” J. R. Verbus," R.C. Webb,™ J.T. White,” T J. Whitis,'* 5000 f D 4
M. S. Witherell,'” F. L. H. Wolfs,"” S.K. Young,” and C. Zhang" 4 & at_a
(LUX Collaboration) _ —— Tritium Beta
( > 4000 1
/ Il)eparl‘mml of Physics, Caxe Western Reserve University, (6]
i ) 10900 Euclid Avenue, Cleveland, Ohio 44106, USA X~
‘SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, California 94205, USA n 3000 o
"Kavli Institute for Particle Astrophysics and Cosmology, Stanford Univeryity, N
452 Lomita Muall, Stanford, California 94309, USA 9 .
‘High l-.m'rm Physics, Blackett Laboratory, Imperial College London, London SW7 2BZ, United Kingdom =
*South Dakota School of Mines and Technology, 501 East Saint Joseph Street, Rapid City, [ = 2000 - )
South Dakota 57701, USA =2
'Dtparfmgnl of Physics, University of Maryland, College Park, Maryland 20742, USA 8
SUPA, School of Physics and Astronomy, University of Edinburgh, 1000 +

Edinburgh EH9 3FD, United Kingdom <

"Department of Physics, Yale University, 217 Prospect Street, New Haven, Connecticut 06511, USA

"Lawrence Livermore National Laboratory, 7000 East Avenue, Livermore, California 94551, USA
l)(partmcm of Physics, University of California Santa Barbara, Santa Barbara, California 93106, USA
Dfpamnml of Physics, Brown University, 182 Hope Street, Providence, Rhode Island 02912, USA

*Department of Physics, University of South Dakota, 414E Clark Street, Vermillion,
South Dakota 57069, USA
|‘l)epamnem of Physics, University of California Davis, One Shields Avenue,
Davis, California 95616, USA
UP-Cmmbm Department of Physics, University of Coimbra, Rua Larga, 3004-516 Coimbra, Portugal
"*Lawrence lkrkele\' National Laboratory, | Cyclotron Road, Berkeley, California 94720, USA
“Department of Physics and Astronomy, University Colltgz London,
Gower Street, London WCIE 68T, United Kingdom
l)e(umm:m of Physicx and Astronomy, University of Rochester, Rochester, New York 14627, USA
*Sanford Underground Research Facility, South Dakota Science and Technology Autharity,
Lead, South Dakota 57754, USA
D?arrmem of Physics, University of California Berkeley, Berkeley, California 94720, USA
Depanmcm of Physics, Texas A&M University, College Station, Texas 77843, USA
'Department of Physics, University at Albany, State University of New York,
1400 Washington Avenue, Albany, New York 12222, USA
(Received 9 December 2015: published 20 April 2016)

We present measurements of the electron-recoil (ER) response of the LUX dark matter detector based
upon 170 000 highly pure and spatially uniform tritium decays. We reconstruct the tritium energy spectrum
using the combined energy model and find good agreement with expectations. We report the average
charge and light yields of ER events in liquid xenon at 180 and 105 V/cm and compare the results to the
NEST model. We also measure the mean charge recombination fraction and its fluctuations, and we
investigate the Jocation and width of the LUX ER band. These results provide input to a reanalysis of the 1 |
LUX run 3 weakly interacting massive particle search.

Frac Res. (o)

DOIL: 10.1103/PaysRevD.93.072009 - !

0 10 20 30 40 50
S1 x,y,z corrected (phe)
2470-0010/2016/93(7)/07200%12) 072009-1 © 2016 American Physical Society
EDI
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Submitted Phys. Rev. C, arXiv: 1608.05381
Low-energy (0.7-74 keV) nuclear recoil calibration of the LUX dark matter
experiment using D-D neutron scattering kinematics

D.S. Akerib,!»2* S, Alsum,* H.M. Araiijo,” X. Bai,% A.J. Bailey,” J. Balajthy,” P. Beltrame,® E.P. Bernard,* ¢ DD neutron generator callbratlon

A. Bernstein,!! T.P. Biesiadzinski,’*>* E.M. Boulton,”'® A. Bradley,' R. Bramante,"'*? P. Bris,'? LOW energy NR response
D. Byram,"*'* §.B. Cahn,'” M.C. Carmona-Benitez,'” C. Chan,'® J.J. Chapman,’® A.A. Chiller,"*
C. Chiller,’* A. Currie,® J.E. Cutter,’” T.J.R. Davison,® L. de Viveiros,!? A. Dobi,!® J.E.Y. Dobson,* 0
E. Druszkiewicz,2” B.N. Edwards,'” C.H. Faham.'® S. Fiorucci,'®'® R.J. Gaitskell,'® V.M. Gehman,'® C. Ghag,'? -
K.R. Gibson,! M.G.D. Gilchriese,!® C.R. Hall,” M. Hanhardt,® '* S.J. Haselschwardt,’® S.A. Hertel * 10
D.P. Hogan,” M. Horn,'*%:'% D.Q. Huang,'® C.M. Ignarra,>* M. Thm,” R.G. Jacobsen,” W. Ji,""%?
K. Kamdin,? K. Kazkaz,!! D. Khaitan,2” R. Knoche,” N.A. Larsen,'? C. Lee,!-2 % B.G. Lenardo,'-!!
K.T. Lesko,'® A. Lindote,'* M.L Lopes,'? D.C. Malling,'® A. Manalaysay.'” R.L. Mannino,*!
M.F. Marzioni,® D.N. McKinsey,” %0 D.-M. Mei,'* J. Mock,?? M. Moongweluwan,? J.A. Morad,'?
A.St.J. Murphy,® C. Nehrkorn,'3 H.N. Nelson,'® F. Neves,'? K. O'Sullivan,® 1519 K.C. Oliver-Mallory,”
K.J. Palladino,*%* M. Pangilinan,'® E.K. Pease,”1° P. Phelps,’ L. Reichhart,'® C.A. Rhyne,'®
S. Shaw,'” T.A. Shutt,!-2-3 C. Silva,'2 M. Solmaz,'> V.N. Solovov,'? P. Sorensen,'® S. Stephenson,'”
T.J. Sumner.® M. Szydagis,”* D.J. Taylor,'* W.C. Taylor,'® B.P. Tennyson,'® P.A. Terman,?' D.R. Tiedt.%
W.H. To,!-%:3 M. Tripathi,’” L. Tvrznikova,®1? S, Uvarov,!” J.R. Verbus,'5:* R.C. Webb,2! J.T. White,!
T.J. Whitis,»»?* M.S. Witherell,’® F.L.H. Wolfs,?® J. Xu,'! K. Yazdani,” S.K. Young,?* and C. Zhang'?
(LUX Collaboration)
 Case Western Reserve Universily, Department of Physics, 10900 Euclid Ave, Cleveland, OH 44106, USA : A e B & 8 & 2 -
*SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, CA 94205, USA . Sys. uncertainty due to position
*Kavli Institute for Particle Astrophysics and Cosmalogy, 300 reconstruction energy bias correction
Stanford University, 452 Lomita Mall, Stanford, CA 94309, USA
* University of Wisconsin-Madison, Department of Physics, 0
2 1150 University Ave., Madison, WI 53706, USA
“Imperial College London, High Energy Physics, Blackett Laboratory, London SW7 2BZ, United Kingdomn
“South Dakota Scheol of Mines and Technology, 501 East St Joseph St., Rapid City, SD 57701, USA
7 University of Maryland, Department of Physics, College Park, MD 20742, USA
"SUPA, School of Physics and Astronomy, Umiversity of Edinburgh, Edinburgh EH9 3FD, United Kingdom
9 Unwversity of California Berkeley, Department of Physics, Berkeley, CA 94720, USA
° Yale University, Department of Physics, 217 Prospect St., New Haven, CT 06511, USA
! Lawrence Livermore National Laboratory, 7000 East Ave., Livermore, CA 94551, USA
2 LIP-Coimbra, Department of Physics, Unsversity of Cownbra, Rua Larga, 3004-516 Covnbra, Portugal
3 Unwversity of South Dakota, Depariment of Physics, 414E Clark St., Vermiliion, SD 57069, USA i
4 South Dakota Science and Technology Authority, s Sys. uncertainty due to neutron source spectrum
Sanford Underground Research Facility, Lead, SD 57754, USA . .
5 University of California Sanfa Barbara, Department of Physics, Santa Barbara, CA 93106, USA | Sys. uncertainty due to S2 corrections and g»
. ' Brown University, Department of Physics, 182 Hope St., Providence, RI 02912, USA T
" Umu]e:sity of California Davis, Department of Physics, One Shields Ave., Daws, CA 95616, USA 0 Sys. uncertainty due to Q, energy scale
Lawrence Berkeley National Laboratory, 1 Cyclotron Rd., Berkeley, CA 94720, USA 10 v N v

1% Department of Physics and Astronomy, University College London, % &R -3 ""'ﬂ/
Gower Street, London WCIE 6BT, United Kingdom \ ' /_-.o-&----
mUnivcmdy of Rochester, Department of Physics and Astronomy, Rochester, NY 14627, USA IOl 8 " = ¢
* Teras A & M University, Department of Physics, College Station, TX 77843, USA
'_'+‘_’,—-I".-To-~ + &
+ Sys. uncertainty due to S1 signal corrections and g,
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22 University at Albany, State University of New York,
Department of Physics, 1400 Washington Ave., Albany, NY 12222, USA
(Dated: October 27, 2016)

=)
L, relative to S™Kr (32.1 keVee)

arXiv

The Large Underground Xenon (LUX) experiment is a dual-phase liquid xenon time projection
chamber (TPC) operating at the Sanford Underground Research Facility in Lead, South Dakota.
A calibration of nuclear recoils in liquid xenon was performed wn si#tu in the LUX detector using a
collimated beam of mone-energetic 2.45 MeV neutrons produced by a deuterium-deuterium (D-D)
fusion source. The nuclear recoil energy from the first neutron scatter in the TPC was reconstructed
using the measured scattering angle defined by double-scatter neutron events within the active xenon
volume. We measured the absolute charge (Q,) and light (L) yields at an average electric field of
180 V/em for nuclear recoil energies spanning 0.7 to 74 keV and 1.1 to 74 keV, respectively. This I Sys. uncertainty in *"™Kr yield (right axis)
calibration of the nuclear recoil signal yields will permit the further refinement of liquid xenon nuclear
recoil signal models and, importantly for dark matter searches, clearly demonstrates measured
ionization and scintillation signals in this medium at recoil energies down to O(1 keV).

L, [photons / keVpyr|

. b\"ﬂ uncertainty due to neutron source spectrum

10

T ———— 10° 10' 10°
Nuclear Recoil Energy keVnr| ’
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PRL 116, 161301 (2016) PHYSICAL REVIEW LETTERS 22" APRIL 2016

Y
Improved Limits on Scattering of Weakly Interacting Massive Particles
from Reanalysis of 2013 LUX Data

D.S. Akerib,'*" H. M. Aradjo," X. Bai,® A.J. Bailey." J. Bulajthy,” P. Beltrame,” E. P. Bemard,” A. Bemstein,”
T. P. Bicsiadzinski,' E. M. Boulton,” A. Bradley,' R. Bramante,'*” 8. B. Cahn,* M. C. Carmona-Benitez,'"” C. Chan,"’
1.1, Chapman,'" A. A. Chiller,” C. Chiller,” A, Currie,*” J. E. Cutter,”” T.J. R. Davison,” L. de Viveiros,"* A. Dobi,"
J.E.Y. Dobson,' E. Druszkiewicz,”" B.N. Edwards," C. H. Fahnm.“ §. Fiorucci,” R.J. Gaitskell,” V. M. Gehman,"”
C. Ghag,'" K.R. Gibson,' M. G.D. (nk‘.hncic. "* C.R. Hall* M. Hanharde, " S. J. Haselschwarde,” S. A. Herel, "™
D.P. Hogan,"" M. Hom.‘“' D.Q. Huan§ 'eMm. lgnm ‘M. nun.""‘ R.G. Jacobsen,"™"” W. Ji,"*” K. Kazkaz,"
D. Khaitan,’ R. Knoche,” N. A. Lanen,” C. Lee, ™ B.G. Lenardo,"” K. T. Lesko,™ A. Lindote," M. L Lopes,”
D.C. Malling,' A. Manalaysay,” R.L. Mannino,™ M.E Marzioni,” D.N. McKinsey, ™' D.-M. Mei,” J. Mock,”'
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We preseat constriints on weakly interacting massive pasticles (WIMP)-nucleus scatiering from the
2013 data of the Large Undesground Xenon dark matter experiment, including 1.4 x 10° kg day of search
eaposure, This new analysis incorporaies several advances: single-photon calibration ot the scintillation
waveleagth, improved event-reconstruction algorithms, o revised background model Including events
ongnating on the detector walls in an colarged fducial volume, and new calibrations from decays of an
mjected tritium g source sad from kinematically constrained nochear recoils down to 1.1 keV. Sepsitivity,
especially o Jow-mass WIMPs, is enhanced compared 10 our previous results which modeled the
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Improved Spin Independent results

/i‘JAdditionaI DD and tritium calibrations used

Improved peak finding, analysis
145.4 kg
95 days

“ Threshold reduced to 1.1 keVygr

Significant improvement for low masses
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Results on the Spin-Dependent Scattering of Weakly Interacting Massive Particles
& on Nucleons from the Run 3 Data of the LUX Experiment

PRL 116, 161302 (2016)
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‘We present experimental constraints on the spin-dependent WIMP (weakly interacting massive particle)-
nucleon elastic cross sections from LUX data acquired in 2013. LUX is a dual-phase xenon time projection
chamber operating at the Sanford Underground Research Facility (Lead, South Dakota), which is designed
to observe the recoil signature of galactic WIMPs scattering from xenon nuclei. A profile likelihood ratio
analysis of 1.4 x 10* kgday of fiducial exposure allows 90% C.L. upper limits to be set on the WIMP-
neutron (WIMP-proton) cross section of g, = 9.4 x 10~#! ecm? (o, = 2.9 x 107*° cm?) at 33 GeV/c%.
The spin-dependent WIMP-neutron limit is the most sensitive constraint to date.

DOL: 10.1103/PhysRevLett.116.161302
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Spin Dependent results
-~ from the ‘Improved’ 2013 data set

— -
o ©
w w
o -

—r -—
o o
w w
~ -

—

o
w
o

SD WIMP-neutron cross-section (cn)
P
8

— e -
© o ©
- IS =
N o o

& LUX 90% C.L.

10-43 gl e el a2 aaaul g aa il RN T
10° 10° 10* 10°

WIMP Mass (GeV/c?)

1 10

10 Jg- Superk (b5

10 Superk

LZ Projected
104 & LUX 90% C.L.
10~43 el il s a gl sl el
1 10 10? 10° 10°* 10°
WIMP Mass (GeV/c®

IBS Multidark IPPP - 23 November 2016

24 \(UMm



/ _ a”
/ P / =L
/ e ’ o =0 //
- ’,// < y

I Maximal exploitation
B 300 live days of data”

IBS Multidark IPPP - 23 November 2016



J

Improve electron extractlon

‘ fl ‘Was ~50% N |n|t|aI data

= Conditlanlng campalgn

,
5
/"

A Voltage on ‘électrodes raised, until significant

current was drawn for extended period
l Successfully ralsed electron extraction

g

éﬁlClency to ~75%
B Commenced run (11 September 2014)
A But...
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~ILUX Run 4
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Charge bund up on PTFE

Understood Ig terms of bUI|d up of negative

charge an mternal PTFE walls
l Detalled COIVISOLT'V' model developed
L/ Magnltude of effect continued to evolve during
a Ig\oughly rotatlonal symmetry, but strong depth
dependence

d 3
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300 Iive"'days of bl\in‘_ded data Cbir’ﬁ'pleted 03 May 2016
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Data AnaIyS|s

A

)\ ConS|dered data set as 4 time bins and 4 volumes.

~ Each segment then has |ts own model for ER and NR response
L|ker”heod an—alysL/ {aerformed on S1 and S2 observables
A S and 82 modelled with the Noble Element Simulation

\ Techmwe (N EST, http-//www.albany.edu/physics/NEST.shtml)

"~ m NESTis “tuned” ’(o eachof the 16 detectors by varying the

Ve
e

i azphed fleld untml we see a match between model and calibration
data. )

@ Periodic CHsT, Kr, DD calibrations throughout run
B Background estimates... ('%”Xe has now decayed away)
@M Cuts... Efficiencies...
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|Background expectations

Background Expected number
source below NR median

External

— Indicative only: we use PLR

G 1.5 +/- 0.2 . . . .
SRS ) In the bulk, but n/y discrimination
Internal beta
particles 1.2 +/- 0.06
SN Radon plate Low energy wall events, but PLR
| out (wall 8.7 +/- 3.5 gives these low L(signal)

j background)
g Accidental
$1-S2 0.34 +/- 0.10
coincidences In the bulk, low energy, NR band

8B solar
neutrinos
(CNNS)

0.16 +/- 0.03

+ ~ 0.3 single scatter neutrons, e.g. from (a, n), not included in PLR —
= (d
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‘Fake events built

/ from callbratlon data
(not STmuIa’flon) are
|njected at the Ievel of
raw wavef@rrmé before
’analySIS P

| a I\/Iltlgates bJas whn‘e

S aIJowmg scrutiny of
individual events.

M Previously used by

neutrino experiments
and searches for

fractional charge.
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—e,dge of the PMT array.

‘concen ntrated under a few

Two events have ~80% of

the light | in a smgle top
edge PMT Consrstent W|th
energy. deﬁosﬂed outslde
the TPC, and Iléht Ieaklng
through agap near’ the

| S1 pulses
| (S2 for these
events are fine)

One event has Ilght

top I\7I’I‘s and has time

structure consistent with
gas scintillation emission.
Also, this event came after

4080 4020

samples (10 ns)

high rate in the preceding 1

second.
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: ’l Two events have ~80% of

4 the light | in a smgle top
/ edge PMT ConSIstent W|th
energy. deoosﬂed outslde
the TPC, efnd Iléht Ieaklng

phe / sample

Since these events do not correspond to interactions in the TPC,
we developed additional (post-unsalting) cuts to target them

J/‘; concl ntrated undera few

& ] \ events are fine)

top I\7I’I‘s and has time

structure consistent with
gas scintillation emission. | (]
Also, this event came after

high rate in the preceding 1
second.

IBS Multidark IPPP - 23 November 2016



/m Po-st,uns"alting cuts
/ -
applled i
4

A Red ddfs/show/ P

addltlonal cdts do not
unduly: target WS
candidate events

—

) S
& ~Flatéfficiency of
98.5%

log,[S2 (phd)

24r

22

!

S1 (phd)

30

IBS Multidark IPPP - 23 November 2016




,- Two- sided PLR
/ m5un- -binned PLR . :
y dlmenS|oﬁs r gb drlf;/ . i
time, S1; Iog10(82)
& 1 binned PLR Do N
dimension: Ever]/t‘-_.\jﬁ_\\ B g

dat T T T E R
J _,_:/’ ) j - 2 10
0 Goj; ‘agreement with 2

background-only

model, p-value >0.6

Events

28288

for each projection
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. e report constraints on spin-independent weakly int
CO m b| ned R un 3 + R un 4 scattering using a 3.35x 10° ke-day exposiire of the
dual-phase xenon time projection chamber with 251
drrﬁ,mund !h:scardn l-a« :le\ wmder Lc md ‘souln Duum
s results, this search yields no evidence

M | n|mu m at 1 .1 x1 0-46 cm2 at 50 GeV/c2 (QOO/OC I ) ;,r \\I\l sucloar :\:coibt tn WIMP mass of 50 GeVe?. WIMP.uckon spit-independent cross

sections above 2.2x107* em® are excluded at the 90% confidence level. When combined with the
previously reported LUX exposure, *“em® at 0 GeVe .

ting massive particle (WIMP) nucleon
nderground Xenon (LUX} experiment. A
wve mass is operated at the Sanford Une
A). With roughly four-fold improvement

ar

his exclusion strengthens to 1.1x10
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JAXIONS

// m Searches for axioelectric coupling, gae

/ @ Extends SCﬁnce beyond standard V\/MP searches

/
/ w
/M ER- band seafch » //f. :
A . Extendmg background model .
J 10° O (Ranga P ] 107 <
= | —— Limit 90% CL " Si(Li) - -
| —— Sensitivity 90% CL B
B Sensitivity + 16 1070
= XMASS - -
- Solarv. . Lo CoGePlT
o2
10"
, LUX.
— / 1 » —Euix (Run03) reliminary
= A 0 —— Limit 90% CL
C g Red giant —_— SenSItIVIty 900/0 CL
B Sensitivity £ 1o
~ . 10—14
10—13 1 Il II[III] 1 | IIIIIII.- L 1 IIIIII| | | IIIIII| 1 L L1l 1 1 1 1 1 1| || | | | 1 1 111
10° 107 107 102 107 1 1 10 10?
m, [keV/c?] m, [keV/c?]
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/

PandaX-Il

IBS Multidark IPPP - 23 November 2016

f 5
/ 60-am 500 kg sensitive target
v
A A A 4
INiNimiE
~300 kg fiducial

New stainless steel
vessel with lower
radioactivity

55 R11410 (top)

8 R8520 (veto)

eflon with better
reflectivity

Electrode rings fully
covered by Teflon

55 R11410 (bottom)

Overflow chamber
inside the vessel

o New inner vessel with
clean SS

o New and taller TPC
with brand-new
electrodes

o More 3” PMTs and
improved base design

o New separate skin
veto region

3 High transparency
electrodes

Active LXe veto

1 kV/cm drift field
with external field
shaping rings

No charge
insensitive regio
below
photocathode

XENON1IT

No top array

/ screening mesh

Three interlocking

PTFE panels

Titanium cryostat
and vacuum jacket

2 arrays of 121 high
QE 3" photodetectors

~1000 kg fiducial

44




" XENONIT is Running

PandaX and

| XENON-1T are {
/_running. Expect :
/ new results soon. g

"~ A

-5
b~

10°
_ e information (2.5MB)
z . for each event
— y A8 o g: XENON1T
£ 10 > -
"q"c—g '% September 2016 https://indico.cern.ch/event/
2 | Q 563885/contributions/2278677/attachments/
g 10 7 1342561/2022471/ratael xenon1t.pdf
5 5
S 100 g
- -
E E
o)
| ot
(a W) 1 46
10 10 a9
> >
= ? =
l —&

(e
T

10! 102 100 10
WIMP Mass [GeV/c?]

EDI
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1/. "‘Vﬁ‘x

f @ Scale Up =50 in Fiducial Mass

L

Totalmass-10T
'j'WIMP Active Mass-7T
/WIMP Fiducial Mass-5.6 T
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Cathode s
high voltage [~ i
connection

L\

Existing
water tank

Gadolinium-loaded

i R
Liquid Xe l,lll![ | liquid scintillator veto
» {
heat ﬂ!-';
exchanger N l‘{., Outer
tower N 1 il detector
o PMTs
i
L
7 L 4
il
|~
4
7 tonne active volume .
liquid Xe TPC. 10 tonnes total
_ RL:
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m Same Iocatibn as LUX (Davis

y Qcavern) S 7 a4
/' A% / ), y
A Active skln, éd Jeaded veto -
a ~10 Tonnes xenon, 5. 6T fiéfumal 10k ATMETIOm DO
» o . ftanium NIRONIT 512844
@ Radon rec”uced alr / » OTIMETHNOOZIB  m sencn 11000 keve
' L ® TIMET HN2470 8 RONTT 521660 (MAEVE)
B NRONIT 521994 (MAEVE)
a Major screemng pré)gramme glira s 1= RO 126113 MAVE)
4 - NRONIT 124113 (Alabama)
low radloactlwty titanium procured § ; b
- B B NIRONIT 528202 (MAEVE)
and now being | machlned 2 10k ﬂ S Y-
[ - e
/ l Majo| cleanllness programme N «\ 1
H~ 5
a Cry génlcs Xe recirculation, 02 e - "

-

: *xeo o green: 3% ppv+0.03NR
calibration, outer detectors, : vellow: 5% o v+ .05 NR
electronics, DAQ, controls, 0 1(‘)2 E— "‘) —— red:  10% ppv +0.10 NR
installation, integration, software,.. ER cts/10000/5.6t

@ Planning 5 years+ of operations,

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

New Laboratory
construction plan

Air conditioning, HEPA filtration, internet /
comms, 5 & 10 Tonne lifting capacity.

Major LZ Screening campaign underway at Boulby

> See talk by Emma Meehan at 5.30 today %
m
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Post-LHC Run 2 SUSY... theorists care

F— Baer, Barger, and Serce, Sept. 2016 ¢ T Neutralino j
4 10740 ég“‘ D arXiv: 1609 06735 NTh Wino
/ Mo ® MasterCode
| 2 “\’@t"f’)ﬁ@/ ® BayesFITS
10—42 | = T PICO-2L ® RNS: Agw< 15
S ® RNS: Agy<30  PMRRM-. .
2 1074
x
i ab
| wn 10746
W |
10°%
10™%0
5 10 50 100 500 1000
m, (GeV) ;
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——— Glove box

Central support assembly
(Deck elevation)

Steel shell neck
(Outer neck)

Inner neck (green)

Cooling coil

— Acrylic flow guides

48 Muon
[ veto PMTs

255 PMTs
/ & light guides

Acrylic vessel

Steel shell

3600 kg
liquid argon
Filler blocks

Foam blocks behind
PMTs and filler blocks

Bottom spring support

Vacuum jacketed neck (orange)

DEAP-36OO Dark Matter SearCh Marcin Kuzniak

Single phase liquid argon approach:
simple, scalable, inexpensive

3600 kg target (1000 kg fiducial) in sealed
ultraclean Acrylic Vessel

In-situ vacuum evaporated TPB
wavelength shifter (~10 m?)

Bonded 50 cm long light guides + PE
shielding provide neutron moderation

255 Hamamatsu R5912 HQE PMTs 8-
inch (32% QE, 75% coverage)

Vessel is “resurfaced” in-situ to remove
deposited Rn daughters after construction

Detector immersed in 8 m water shield,
instrumented with PMTs to veto muons

Located 2 km underground at SNOLAB
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Marcin Kuzniak

Pulse shape discrimination (PSD)

[ Scintillation light

VUV

)

Ar singlet and triplet excited states have

well separated lifetimes (7ns vs. ~1.5us) Excited MosSue
. PMT S|gnal
/ 0.05
// N
» S 005 | N ot + Niate
;g o1 L Neutron (AmBe) Ty (keV_)
g -0.15 R 0 20 40 60 80 100 120 140 160
02 | . '
0.05 T T T T
[ e
f % 20.05 | ’ 1
v %? -0.1 1
>
= .05 | 1
= v(*Na)
02 | ™
-0.25 = ’ . . ;
................. | STV I AU SYOT W ST W o B ISV O SRR I ST
0 1000 2000 3000 4000 5000 %50 100 150 200 250 300 350 400 450 500
Time [ns] Number of photoelectrons
Prompt : 0-150ns Single phase LAr: N o
Late: 150ns-10us scintillation channel is sufficient, no ionization channel

d 3
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/ e . L.
1 / A y Marcin Kuzniak
/ % . \g——
< J/ ‘ ' - 4
.I\_,d/" e
o R ) r o
; -42
b\ 10 ; T [= = DEAP-3600
/) : — LUX (2013)
J : / g — LUX (2015)
) - ; el — — LUX
; 5 i | =—— XENON100
/ d : : — — XENON1T
1 i : w— DarkSide-50
— ,/ = / -
/
. . p—— 00-. T
/DEAP’36 L. |
L g -
‘, .......................................................................................................................................... ,’
—
—
[ | B cMsSSM 1-5 contour
y cMSSM 2-a contour
NUHM 1-c contour
NUHM 2-0 contour
3 : m=ms Neutrino backgrounds
10-50’1 L i NS SR N i \ 1R Y uiatie v T 7 TTEET [F T R FRAITL.

3 4
m (Gev) 10 10

IBS Multidark IPPP - 23 November 2016




/ / 3
;

. y

/

/

/
/

[ ‘| ‘ >
y J ) S

i e

IBS Multidark IPPP - 23 November 2016

57



/

/ AN R Gille Gerbier

\Sbh‘érical'gas detectdrls e

- o Sphere cavity + éﬁ‘pherical sensor @ HV
Drift region = => Low threshold (low C), single electron sensitivity

E=A/R? = Fiducial volume selection by pulse risetime
N = Flexible (P, gaz)
= Large mass /large volume (30 kg) with single channel
= Simple, sealed mode
= Few materials involved, mostly copper, low activity

= Adapted for low mass WIMP investigation with Ne/He/H
thanks to kinematical match of WIMP-target masses

= =>60 cm prototype at Laboratoire Souterrain de Modane

—Xe
—Ge
~—Ar
=S
Ne

C =4dmep
1/p=1/ry—1/ry

p=r,=>C does not
depend on shell radius

10”

Event Rate [1000 kg keV y]~"
80

0 5 10 15 20 25

n

0 0.5 1 1.8
Recoil Energy [keV] Recoil Energy [keV]

Nov 215t 2016 - G Gerbier 1 ] b*g'

IBS Multidark IPPP - 23 November 2016



/

R / g Gille Gerbier

Light da rk matter séé;rch at LSM -
‘Low activity 60 cm @ prototype @ LSM : SeDiNe

250< Energy [eV] <500 £00< Energy [8V] <750

= Copper vessel equipped with 6 mm @ sensor ¢
= Run with Neon+0.7%CH, @ 3.1 bars g e |
= =>310 g sensitive mass -
= Analysis threshold 150 eVee Neutron Calibration
= 42 days run for WIMP search P2 [P -
- = Results to be reported at TPC 2016 Paris p een e
conference and Berkeley low Rise time (duﬁ‘fusion) distributions of neutron induced
e s i recoils and simulation => good agreement

Surface events

e . . Expected behaviours

' ' of risetime vs energy
distributions for

; “ volume and surface
- (Rn deposits) events
: => Discrimination
Vuln:r':;:v:nts 100 EV pU|Se
60 cm NOSV copper vessel 6.3 mm sensor :
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/

J A\ B Gille Gerbier

/

_ NEWS-SNO : 1.4 m @ copper detector @ SNOL

140 cm @ detector, 10 bars, Ne, He, CH4 : o , 4 &
. . TON CRANE
Copper = few uBg/kg U/Th contamination LK GOODN 5PFi520
Lead -ancient + low activity- & PE shield i
=> Gain of factor >100 wrt LSM prototype backg " (A
Project at TDR phase
b+stee| sheII o . cavsnnnnans {PFTT SHAVE BOX
S e : RAILIM
- S-SR | | SOUNOO
/
; - P c10
TAAY
W i
5 A
I/<\\\\\\\\\\(/\I\
38 CDMSLitel
- g 10 e S W — " "hitp!//dmtools.brown .edu]
Y& Gaitskell Mandic, Filippini
e S Copper sphere é H ‘ |
l/ i "b'\\ ; NORTH g 10_40’ “’ oy
[ { ey
‘N !\/llnlc|ﬁan,_+ \ 2 NEWS-SNO
- o = 2018 CRESST.
\. / — =
i“ } ; _— e~ ‘lj’ g 10742 v—*"’f/
| \ k (51 s NE s DarkSide50-A
'é @',/ / il X ) — = ! E e § EDMS-Edelweiss
{‘ l\ ,{' b : ‘ 7"{/:7_,/ § 10744 CDMS reanalysis
x\ DE P \ ' & / | % Xenon
- Sl T\ P NEWS in Cube Hall [ [Ox g
IBe EBMmAT e D 1075 g e LY

WIMP Mass [GeV/c?]
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Background-Free DRIFT-IId

The addition of O, to
I ~ a CS-CF, mixture

/ . produces minority
peaks with separatio

DPSI , %
\\ proportional to 5

50

Cathode [+, %75,
. e

0.004

40
1

0.003
|

0.002
|

distance.

Current (arbitrary units)

0.001
|

This allows for the ~

measurement of d of T n T 1 r u
T T T T 0 1000 2000 3000 4000 5000 6000

4.5 5.0 55 6.0 eve nts

0.000

NIPs

_| Cathode

50

RSN R e 0 s

40

That coupled with a
new texturized
cathode...

d (cm)

o
N

o
...allows us to run _~
background free over o e
T [ [ [ T |
~75% of our available 0 1000 2000 3000 4000 5000 6000

volume. NIPs

EDI
IBS Multidark IPPP - 23 November 2016 62 dm



Optimal and Anti—Optimal Differences (%)

30

20

10

-10

DRIFT Head-Tail Results

Directionality

DRIFT Range Results

Magnitude of Oscillation (%)
3
|

=10 -

S N S S G |
PO ATT ]
I I I I I I I
0 50 100 150 200 250 300

S Recoil Energy (keV)

I 1 1 ] I 1
100 150 200 250 300 350
S Recoll Energy (keV)
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WIMP-proton SD cross section (pb)

10°

10*

10°

10°

10

107

1072

107

Future Plans for DRIFT

Spin-Dependent WIMP-proton Limits

% NAIAD (2005)
= e KIMS (2007)
| DMTPC (2010)
1 | == Ferssomn Integrated Nuclear Response Form Factors By Target
g DRIFT-IId (2012)
= SIMPLE (2014)
1 | = Semcciors WIMP-neutron WIMP-proton
== [ V=t SN M T = A " M ' A "
3 < = . DRIFT-IId+02 (500 day)
E|
E|
E|
= )
E|
El
- M 2 > A P
7] Si SD SD LD (ang.-mom.- LSD
I f T T longitudinal transverse dependent) (spin-orbit)

10 100 1000 10000

WIMP Mass (GeV)

N. Larsen, http://conference.ippp.dur.ac.uk/event/544/session/0/contribution/7/material/slides/0.pdf
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d Huge progress in recent (SI 3 orders of magnitude in 5 years!)
’l LXe TPCS presently the most cempetrtrve technology: LUX

/

/ a Genumely provrdmg srgnu‘rcant constraint to theory
~ @ Further advenees very soon: ‘PandaX (500 kg), Xenon1T are both
runnmg Another order . ef magnltude in ~ 1-2 years (?)
~55TLXe devices onlrne in 2019/2020; yet another order of
' magnitude by ~2022(’?)

Slrrgie 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...

e N

. . . . e
! |

! i

/ j
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DMUK Meeting - UCL https://indico.fnal.gov/conferenceDisplay.py?confld=13260

January 18, 2017 University College London Search
Europe/Lo%on [IY‘.”\GZOHE y g [ -
)
/ This is a 1-day meeting for the UK's Dark Matter community to meet up, present research,
/ Overview and discuss the latest progress in the field.
/
/ Scientific Programme
/ Dates: January 18, 2017 (09:00-16:00)
| Call for Abstracts Timezone: Europe/London
“ View my abstracts Location: University College London
.. Submit a new abstract Wilkins BUI'dlng
Gower Street
Timetable London
Contribution List z:l)gn];'E:aBl-gane Room
Author index Chairs: Dr. Ghag, Chamkaur
Dr. Dobson, James
Book of abstracts
Additional Support for this event is gratefully received from the Astroparticle Physics
Registration info: Group of the IOP.
}f ) .. Registration Form
/" B List of registrants

Support

ME!!
a

18 January 2017
University College London
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