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SUSY-‐withstood	  the	  test	  of	  (me	  
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Discoveries	  can	  take	  (me	  -‐	  neutrino	  
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210Bi	  Source,	  and	  Blank	  
Calorimeters	  

≈30	  years	  later	  to	  neutrino	  detecGon	  (Reines	  et	  al.)	  
≈60	  years	  later	  to	  neutrino	  mass	  (Davis	  et	  al.)	  
≈100	  years	  later	  to	  complete	  mass	  matrix	  (?)	  
	  
	  



Experimental	  Perspec(ve	  of	  	  
Direct	  Dark	  Ma/er	  Detec(on	  

•  Shield	  a	  pure	  target	  of	  (maSer,	  magneGc	  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	  
– MagneGc	  Field	  –	  axions	  –	  RF	  signal	  processing	  
– Astrophysical	  modulaGon(s)	  

•  UlGmate	  Background	  –	  instrumental…	  neutrinos	  
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Grand	  Electron	  Recoil	  Comparison	  	  
(nucl.	  recoils:	  10-‐9	  1-‐phase	  Ar;	  5×10-‐3	  2-‐phase	  Xe	  TPC)	  	  
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Figure 1.5: A comparison of energy scales and background rates in several di↵erent particle
detectors, illustrating the need for an instrument such as LUX for WIMP discovery. The
background energy spectrum is given in units of keV

ee

, where the “ee” subscript refers to
energy deposited by an electron in the detector (see Sec. 2.1.2 for further details). The
LUX background energy spectrum (black) in the 100 kg fiducial volume is shown from the
second half of the 85 day WIMP search run, after application of WIMP search cuts. Back-
ground energy spectra are shown for comparison for the following dark matter detectors:
CDMS II Ge detectors (red, 241 kg days) [70], XENON10 (orange, 5.4 kg fiducial) [71], and
XENON100 (yellow, 30 kg fiducial) [72]. Background spectra are also shown for the EXO
(green, 175 kg) [73] and GERDA (cyan, 16.7 kg year) [74] double beta decay experiments,
and the Borexino (blue, 154 ton years) [68] and SNO (magenta, 391 live days) [75] neu-
trino experiments. Overlaid is the projected p-p solar neutrino scattering spectrum on Xe
(dark gray, dashed) [76, 77], which creates an electron energy deposition noise floor, and
the spectrum from 136Xe neutrinoless double b decay (light gray, dashed) [77], assuming no
enrichment or depletion of 136Xe in natural Xe. The projected ER background rate for Ar
detectors from b decay of 39Ar (purple dashed) is also given [78], assuming a reduction of
39Ar levels to ⇥1/100 their natural levels [79].

XMASS	  (840	  kg)	  

(62	  kg)	  

(248	  kg)	  

(5.4	  kg)	  

XENON1T	  (2200	  kg)	  

LZ	  (7000	  kg)	  
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RPP	  2014	  
missing:	  new	  Darkside-‐50,	  CDEX,	  CRESST-‐II,	  PandaX	  I,	  PICO,	  DAMIC	  
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With	  some	  physics	  

Thresholdinos	  
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Appropriate	  Technologies	  
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SuperCDMS	  
SNOLAB	  Ge/Si	  

US	  G2	  

Panda	  X	  II	  
XENON	  1T	  	  

LZ(US	  G2)/	  XENON	  nT	  
Liq.	  Xe	  2-‐phase	  TPC	  

Liq.	  Xe	  2-‐phase	  
Liq.	  Ar:	  2-‐phase…	  

DarkSide	  
1-‐phase…	  DEAP	  



High	  Mass	  WIMPs:	  Xenon	  
(Maria	  Elena	  Monzani)	  

8	  

LUX	  (in	  300	  day	  run)	  

US	  G2:	  LZ	  

Ge,	  NaI	  no	  discrimina(on	  

Ge,	  w/discrim.	  

LXe,	  w/discrim.	  ZEPLIN	  

XENON1T	  

As	  simple	  as	  possible,	  but	  no	  simpler	  
8/26/15	  

w	  
DEAP	  (Ar)	  
Δ	  PandaX	  II	  

XENONnT	  
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Benchmark	  Process	  

Spin-‐Independent	  
coherent,	  σ	  ≈	  A(2-‐4)	  

High	  A	  Favored	  (Xenon)	  	  	  	  	  	  
9	  

Nucleon	  
n/p	  same	  	  
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Cross	  to	  LHC	  
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Spin	  Independent	  

11	  

Majorana	  
…	  evade	  
with	  a	  
very	  light	  
mediator	  

Dirac	  
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Two	  New	  Xenon-‐100	  Results	  (Christopher	  Tunnel)	  
	  	  	  	  	  	  	  	  	  	  	  	  DM	  Electron	  Coupling	  	  	  	  	  	  	  	  	  	  	  	  	  	  Expected	  Astrophysical	  Modula(on	  
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	  	  	  LUX:	  in-‐situ	  nuclear	  recoil	  calibra(on	  	  
(M.	  Szydagis)	  
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	  	  	  LUX:	  reanalysis	  of	  exis(ng	  data	  
	  	  	  	  	  	  	  	  	  	  4X	  exposure	  data	  run	  underway	  	  

(M.	  Szydagis)	  
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Future	  2-‐Phase	  Xenon	  Detectors	  
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PandaX II

� 500kg TPC active volume
� Started construction in 

June 2014
� LXe filling/commissioning 

spring 2015
� Physics run starts this year
� Expected running time: 1-2 

years

25

XENON1T TPC and Cryostat

Double-wall vacuum insulated cryostat
constructed from selected low-activity
stainless steel

Total LXe mass ⇠ 3.3 tons

2 ton target mass

-100 kV on cathode

⇠ 1m drift

248 3” PMTs Hamamatsu R11410-21,
35% average QE

Mayra Cervantes The XENON Collaboration May 19, 2015 17 / 26

PandaX	  II	  
Filled	  with	  L	  Xenon	  
Commissioning!	  

Xenon	  1T	  	  
Cryostat	  Done	  

Commission	  in	  Fall	  (nT)	  

2200	  kg	  
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Xenon	  Future	  
• XENON1T-‐	  2t	  acGve	  Xe;	  	  LZ	  –	  7t	  acGve	  Xe	  (G2)	  

17	  

From	  Laura	  Baudis	  

LZ	  
2018	  

XENON1T	  
2016	  

(upgradable	  to	  nT)	  

LUX	  
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LZ:	  Funded,	  on	  line	  in	  2018	  
(Maria	  Elena	  Monzani)	  
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Expected	  LZ	  Sensi(vity	  
(1000	  live	  days)	  (Maria	  Elena	  Monzani)	  
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2×10-‐48	  cm2	  

Panda-‐X	  
Xenon	  1T	  

LZ	  	  (Xenon	  nT)	  

Darwin	  
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DEAP…	  opera(ons	  imminent	  
(Ben	  Smith)	  
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DEAP…	  assembly	  	  (Ben	  Smith)	  
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Liquid	  Noble	  Sensi(vity	  Compared	  

22	  



DarkSide	  Measurement	  of	  39Ar	  in	  
Underground	  Argon	  	  
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39
Ar Reduction

21 / 22

Distribution of events in the TPC

Underground argon as function of
r 2 and z (driftime)

The radioactivity of PMTs
at the top & bottom is evident

Fiducialization: 10cm in r and 10 cm in z
) ⇠ 4kg
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High	  Energy	  Community	  Neglected	  
Nucleon	  (Fermi)	  Mo(on	  
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SD Interaction 

SI Interaction 
Cannot obtain 
at lowest order 

The Allowed EFT Operators 

!  Each nuclear form factor Fij 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) 

SI response SD response 
(Longitudinal 
component) 

SD response 
(Transverse 
component) 

Angular-
momentum-

dependent (LD) 
response 

Spin-orbit (LSD) 
response 

Nicole Larsen | Yale University | 9 October 2014 4 
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4	  New	  NaI	  Experiments	  
(slide	  from	  Walter	  Pe/us,	  spoke	  here)	  	  

Homestake:	  
• 	  LUX/LZ	  

Soudan:	  
• 	  CDMS	  
• 	  CoGeNT	  

SNOLAB:	  
• 	  DEAP/CLEAN	  
• 	  PICASSO	  
• 	  PICO	  
• 	  DAMIC	  
• 	  SuperCDMS	  

Boulby:	  
• 	  DRIFT	  

Canfranc:	  
• 	  ANAIS	  
• 	  ArDM	  
• 	  Rosebud	  

Modane:	  
• 	  EDELWEISS	  

Gran	  Sasso:	  
• 	  CRESST	  
• 	  DAMA/LIBRA	  
• 	  DarkSide	  
• 	  XENON	  

Kamioka:	  
• 	  XMASS	  

YangYang:	  
• 	  KIMS	  

Jin-‐Ping:	  
• 	  Panda-‐X	  
• 	  CDEX	  

South	  Pole:	  
• 	  DM-‐ICE	  

ANDES:	  
(planned)	   Stawell:	  

• 	  SABRE	  



SABRE	  concept	  
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172   Emily Shields et al.  /  Physics Procedia   61  ( 2015 )  169 – 178 

Fig. 4. Design for the SABRE experimental setup for one small (1-2 kg) crystal. Opposite faces of the crystal will be coupled to two
3” PMTs operated in coincidence. The PMT pair and crystal will be enclosed in an air-tight enclosure, which will be suspended in a
liquid scintillator veto detector currently under construction. This detector will be outfitted with 10 8” R5912 Hamamatsu PMTs to
detect the scintillation light. The scintillation detector will be surrounded in turn with lead and steel passive shielding.

Fig. 5. Left: Design of the SABRE experimental setup. The liquid scintillator vessel is a φ1.5 m×1.5 m stainless steel cylinder
containing ∼2 tons of liquid scintillator (in blue). The NaI(Tl) detectors (in brown) are installed in the center of the veto vessel, and 10
Hamamatsu 8” PMTs are used to collect the veto scintillation light. The whole setup is shielded from external backgrounds by ∼20-
25 cm of passive shielding (in dark gray). Right: An illustration of the DarkSide-50 experiment. A φ4 m liquid scintillator detector
(the sphere in the center) is contained inside a φ11 m×10 m water tank, which hosts the DarkSide-50 experiment. The SABRE NaI(Tl)
crystal detectors can be installed between the DarkSide-50 TPC and the walls of the veto sphere. DarkSide-50 also has a number of
facilities already in place, such as scintillator handling and purification systems, which can be shared with SABRE.

crystals. The second phase will be to conduct a dark matter measurement with 50-60 kg of target material
in an underground setting, such as LNGS or SNOLab.

NaI	  in	  Scint.	  Veto	  
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US	  Program:	  G2,	  a	  Trinity	  of	  Direct	  
Dark	  Ma/er	  Projects	  

28	  
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Low	  Mass	  WIMPs:	  
SuperCDMS	  (G2)	  

G2	  

8/26/15	  

Physics:	  number	  density	  of	  
DM	  similar	  to	  that	  of	  

nucleons	  
	  

September	  CD1	  !	  
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SuperCDMS/SNOLAB:	  Far	  Lower	  
Thresholds	  for	  the	  Low	  Mass	  WIMPs	  

8/26/15	   29	  

Drin	  ionizaGon	  at	  
speed	  above	  that	  of	  
sound…	  make	  extra	  
`Luke’	  phonons.	  

	  
Goal:	  0.05	  keVnr	  

MaS	  Pyle	  
SUSY	  2015	  /	  Harry	  Nelson	  
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Columbus	  

12,000	  km	  (Talavera	  Panel,	  accurate)	  

5,000	  km	  (Columbus,	  fudged	  systema(cs)	  

Japan	  (Cipangu)	  

Portugal/Spain	  
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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.	  


