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The XENON Roadmap
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XENON10
Achieved (2007) σSI=8.8 x10-44 cm2

Phys. Rev. Lett. 100, 021303 (2008) 
Phys. Rev. Lett. 101, 091301 (2008)

XENON100 
Expected (2011) σSI~2x10-45 cm2

Phys. Rev. Lett. 105, 131302 (2010)

past
(2005 - 2007)

current 
(2008-2010)

future
(2011- 2015)

XENON1T
Goal: σSI ~10-47 cm2
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Dark Matter Direct Detection: State-of-the-Art
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XENON100: Results from 11 days!
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 XENON1T is based on a  2.5 ton XeTPC inside an active muon veto (water Cherenkov)

 aligned with US (and European) roadmaps: a G2 experiment as supported by PASAG 

XENON1T Physics goals: 100 x more sensitivity 
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XENON1T
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7.5 m

Water Tank

Service Room

Water Tank Support Structure 

5 m

11 mService Building

Control Room

Storage Tank

Cryogenic & Purification System11 m

9.4 m

XENON1T Infrastructure 
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Baseline Location: LNGS 
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Alternative Location: LSM
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Diving Bell 

Top Photosensor Array 

Top Electrodes Stack 

Teflon Panels / 
TPC Field Cage 

Cathode 

Copper Ring (for Stabilization) 

Bottom Photosensor Array 

Bottom Teflon Skirt  

95 cm 

105 cm 

121 cm 

The Detector
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The XENON two-phase TPC
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WIMPs/Neutrons

nuclear recoil

electron recoil

Gammas

Top PMT Array

 Single electron and single photon measurement sensitivity

 > 99.5% ER rejection via Ionization/Scintillation ratio (S2/S1)

  3D event-by-event  imaging with millimeter spatial resolution 
Saturday, October 30, 2010



Requirements on PMTs

Large area (~ 1 m2 ) coverage 

VUV sensitive 

QE (178nm) > 30%

 operating  in range -110 C to 50 C

 withstand up to 5 bar 

ultra low radioactivity (U/Th < 1 mBq/PMT)

ideal geometry is 2” square & compact
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The XENON100 Photomultipliers
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• 242 PMTs (Hamamatsu R8520-06-Al )

• 1 “ square metal channel developed for XENON

• Low radioactivity (<1 mBq U/Th per PMT)

• 80 PMTs for  bottom array  (33% QE)

• 98  PMTs for top array (23% QE) 

• 64 PMTs for top/bottom/side Veto (23% QE)

XENON100: The PMTs Bottom Array

Top Array PMTs for Side & 
Bottom Shield 

PMT Base
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XENON1T Photosensors & DAQ Requirements
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2 x 121 Photosensors  

~80 Muon Veto PMTs 

~ 1.2 ms @ 100 MHz sampling 
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Photo Cathode
(-6 kV)

APD (0 V)

Quartz

Quartz

Al coating

APD (0 V)

Photo Cathode
(-6 kV)

QUPID (QUartz Photon Intensifying Detector)

Made by Synthetic Silica only.
US Patent (No. 5374826) pending.
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New 3” QUPID (Production Version)
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Quantum Efficiency (QHA63, 64)

Xenon
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Summary of QUPID
Extremely low radioactivity:	  	 < 1 mBq

 < 0.1 neutron / year 
 << 10 times lower than conventional low radioactive PMTs.

Large diameter:		 	 	  3 inch
 6 inch is also under investigation.

Special Photocathode:	 	 	 Bialkali LT
 > 40 % QE at 170 – 450 nm
 Low resistivity even at Liquid Ar temperature (- 185 oC)

True photon counting.
 1, 2, 3… photoelectron peaks clearly visible.
 100% collection efficiency.

Simple HV supply.
 Common HV (-6 kV) for all QUPIDs
 Resister chain not necessary

The first successful operation in LXe at UCLA
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The 3” Hamamatsu R11410-SEL-MOD 
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Special Bialkali Photocathode (LT)
same family as R11065 successfully tested in LAr
High Quantum Efficiency for LXe Light:
   > 34% @ 175 nm
  

3” , 12 stages, High Gain:
   > 5 x 106
 

Low Radioactivity:
   Original tube too high in U, Th, Co
   Lower radioactivity version (R11410-SEL-MOD) currently screened
  

Single photoelectron spectrum 
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Requirements on Electronics and DAQ 
(XENON100 Example) 
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XENON1T: Parallelization 
!  idea: read clusters of ADCs independently and  

reconstruct events offline on cluster 

!  common trigger, common hardware clock, common veto 

BUSY VETO 
data readout 

Timestamp 

BUSY VETO 
data readout 

Timestamp 

BUSY VETO 
data readout 

Timestamp 

Clock 

DAQ 
PC 

DAQ 
PC 

DAQ 
PC 

transfer 

transfer 

transfer 

Cluster 

E
vent recontruction 

E
vent processing 

Trigger 

Improved online data reduction necessary! 
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