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SUSY-withstood the test of time

VOLUME 54, NUMBER 11 PHYSICAL REVIEW LETTERS 18 MARCH 1985
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A search in et e~ annihilation for final states which contain only a single energetic photon has
been performed at /s =29 GeV with the MAC detector at PEP. The upper limit on an anomalous
signal has been interpreted in terms of mass limits for supersymmetric particles under the assump-
tion of radiative pair production of either supersymmetric photons or neutrinos. For the supersym-
metric electron (&) this limit is m; > 37 GeV/c? at the 90% confidence level if My, = My, and the

supersymmetric photon (%) has m;=0.



Discoveries can take time - neutrino

The Average Energy of Disintegration of Radium E. | = | =
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210Bi Source, and Blank :
Calorimeters e

=30 years later to neutrino detection (Reines et al.)
=60 years later to neutrino mass (Davis et al.) o
=100 years later to complete mass matrix (?) <  -EredEEs
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Experimental Perspective of
Direct Dark Matter Detection

e Shield a pure target of (matter, magnetic field) as
best you can (underground, lead, water..)

 Understand the event rate in the target

* Signal Specifics...
— Neutralino/WIMP... 0 to 200 keV deposited energy
— Nuclear or electron recoils
— Nucleus choice and technology choice
— Magnetic Field — axions — RF signal processing
— Astrophysical modulation(s)

* Ultimate Background — instrumental... neutrinos
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Grand Electron Recoil Comparison
(nucl. recoils: 10 1-phase Ar; 5x10-3 2-phase Xe TPC)
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RPP 2014

missing: new Darkside-50, CDEX, CRESST-II, PandaX |, PICO, DAMIC

-38

10 I I 1 I L I I 1 I T LI I T 1 I I L 10-2

%\ _XENONIO—LE_I CDMS-LE . A
S CoGeNT || (EDELWEISS-LE S
. \ »n
é‘» 10_40_ limait M \\ | 10_4 gé
o CoGeNT- : R DAMA/LIBRA S
9 | =
@]
% _ ROI | =
E =)
£ S

S | o S
5 10 DM w | 10-6 ,5\
R ZEPLIN III S
E - §
5 >
= o
S 2
B 44 =~
o 10 108 g

5]
I c
n o
8 Neutrino (OT
6 " Background 3
Projection for c
_ Direct Detection postLH
10 46 O - 1 |L Lol 1 1 1 TR T N I I 2 130'10
8/26/15 10 ]SQSY 2015 / Harry Nelson10 10 5

WIMP Mass [GeV/cz]



With some physics
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Appropriate Technologies
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High Mass WIMPs: Xenon

(Maria Elena Monzani)
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Benchmark Process

Nucleon

n/p same ¢

8/26/15

Spin-Independent
coherent, o = A4

High A Favored (Xenon)
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Cross to LHC
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Spin Independent
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TWO NEW Xenon-loo RESUItS (Christopher Tunnel)
DM Electron Coupling Expected Astrophysical Modulation

Mean electronic recoil energy (keV)
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LUX: in-situ nuclear recoil calibration

(M. Szydagis)
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LUX: reanalysis of existing data

4X exposure data run underway

(M. Szydagis)
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Future 2-Phase Xenon Detectors

= L d New stainless steel
vessel with lower
radioactivity

55 R11410 (top)

60-cm 8 R8520 (veto)
—

60-cm eflon with better
500 kg sensitive target reflectivity

Electrode rings fully
covered by Teflon

55 R11410 (bottom)

Overflow chamber
" the vessel

PandaX Il Xenon 1T
Filled with L Xenon Cryostat Done

Commissioning! =0/ Commission in Fall (nT)



Xenon Future
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LZ: Funded, on line in 2018

(Maria Elena Monzani)

The LZ Dark Matter Experiment

Instrumentation conduits

Water tank

Gadolinium-loaded
liquid scintillator veto

High voltage
feedthrough

Liquid xenon
heat exchanger

120 veto PMTs —

7 tonne liquid xenon
time-projection chamber

8/26/15 5y 2015++488/photomultiplier tubes (PMTs)

Additional 180 xenon “skin” PMTs
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Expected LZ Sensitivity
(1000 live dayS) (Maria Elena Monzani)
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DEAP... operations imminent

(Ben Smith)

Cooling

coils 255 inner
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liquid Ar | Acrylic
Acrylic light
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25 August 2015

Detector design
® 3600kg LAr, 1000kg fiducial

® Acrylic vessel 865cm radius

® Surrounded by water shield
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DEAP... assem bly (Ben Smith)

Recent milestones

* Acrylic Vessel completed Nov 2013 L

® |nner detector instrumented Jun 2014
* AV resurfacing complete Nov 2014
® Steel shell and veto PMTs Apr 2015
* Wavelength-shifter deposited Jun 2015
* Water tank completed Jul 2015

e Laserball calibration data Jul 2015

8/26/ @TRI U M F Ben Smith - DEAP underground in Canada 25 August 2015 @ 21



Liquid Noble Sensitivity Compared

DEAP-3600 1100d projected

ZEPLIN-III (2012)
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DarkSide Measurement of 3°Ar in
Underground Argon

Events/[50 PE x kg x s]
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High Energy Community Neglected
Nucleon (Fermi) Motion

The Allowed EFT Opera

p—. 4 _’J-
Sl Interaction ©; = 1,1y Or = Sy-v
Cannotobtain 0, = (yl)?2 Oy = S, o
at lowest order - . .
03 - ’I,SN(i XﬁL) Oy = ZSX( N
mn
SD Interaction Oy = gx .S N O = iSy- 7
- q mN
Os = iSy-( X 'D'l) . q
mn On = 1Sy —
my

Os = (S —)(Sn-—)

- Each nuclear form factor F; associated with the allowed EFT operators can be
written as a linear combination of five independent nuclear responses that depend
ONLY on the nuclear physics: (arXiv:1203.3542)

M EII Z/ A @l/

Sl response SD response SD response Angular- Spin-orbit (LSD)
(Longitudinal (Transverse momentum- response
component) component) dependent (LD)
response
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Interaction
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4 New Nal Experiments
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SABRE concept

Expected Backgrounds for a 2 kg Crystal in SABRE
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US Program: G2, a Trinity of Direct
Dark Matter Projects

Low Mass WIMPs: -10:‘
SuperCDMS (G2) ”
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SuperCDMS/SNOLAB: Far Lower
Thresholds for the Low Mass WIMPs

Luke-Neganov Phonon Charge

Amplifier Drift ionization at
NV & speed above that of
NV Luke Phonons
sound... make extra
N\ 42_'_, : AV \ ’
I;“\\ Recoil Phonons Luke phonons_

P.N. Luke et al. NIM A2¢€ Goal. O 05 kevnr
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Christopher Columbus’ CD-1 Review
(Talavera Panel)
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What you discover isn’t always
what started your journey.
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