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Current Lines of Research !!

•  Charge Coupled Devices (CCDs): !
–  Low threshold experiments (DAMIC-CONNIE)!
–  Detector packaging and testing for DESI!

•  Microwave Kinetic Inductance Detectors (MKIDs):!
–  DAQ development for large arrays !
–  R&D instrument for SOAR !

•  Adiabatic Demagnetization Refrigerator (ADR) facility!
–  Supporting CDMS,STJ,SPT-3G,MKIDs!

•  Cosmic Microwave Background (CMB)!
–  SPT-3g!
–  Stage-4!

•  Noble Gases!
–  Liquid Argon!
–  Xenon studies !
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Synergy with CMS: infrastructure and expertise!
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Silicon	  Detector	  Facility:	  
	  
•  Developed	  for	  CDF	  and	  

DZero	  trackers.	  
•  Big	  role	  in	  CMS	  (past	  in	  

future).	  
•  These	  allowed	  us	  to	  

build	  Dark	  Energy	  
Camera.	  

Cleanroom,	  labs	  space,	  
machines	  and	  experienced	  
technical	  specialists.	  
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Two additions to Silicon Detector Facility for COSMIC needs!
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2005-‐DECam	  

2013-‐MKIDs	  
2014-‐CMB	  
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R&D program that enables experiments in astrophysics!
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CCD 
R&D 

DAMIC 2011 
demo at NuMI 

DAMIC 2012 
10 g @ SNOLAB 

DAMIC 2014 
100g @ SNOLAB 

CONNIE 2014 
Installed at ANGRA 

DESI packaging 
@ FNAL 2013 

1e- threshold 

Massive	  detectors	  with	  2e-‐	  noise	  
developed	  at	  LBNL	  for	  astronomy.	  

Prototypes	  sensors	  exist.	  
Would	  open	  a	  new	  window	  to	  
MeV	  dark	  maUer	  searches.	  

Seeded	  by	  general	  R&D	  program.	  
AUracted	  collaboraYons	  in	  Europe	  and	  
South	  America.	  With	  their	  own	  funding.	  
FNAL	  now	  supporYng	  with	  LDRD.	  “First	  
dark”	  collected	  10/16/2014.	  Neutrino	  
coherent	  sca3ering	  experiment.	  

Detector	  R&D	  funds	  allowed	  FNAL	  to	  develop	  
a	  facility	  for	  the	  fabricaYon	  and	  tesYng	  of	  
500um	  silicon	  packaged	  for	  spectrograph.	  
This	  has	  now	  put	  us	  in	  condiYons	  to	  build	  the	  
detectors	  for	  DESI	  project.	  	  

Best	  limit	  at	  low	  masses	  for	  DM	  search.	  
Now	  an	  internaYonal	  collaboraYon	  with	  

funds	  from	  several	  insYtuYons.	  	  15	  
scienYsts,	  3	  postdocs,	  10	  students.	  

DECam	  needed	  CCD	  
R&D	  to	  produced	  a	  
focal	  plane	  in	  2005	  .	  
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DAMIC: Direct Search for low mass DM with CCDs!
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Started	  as	  R&D	  project	  at	  FNAL.	  Currently	  an	  internaYonal	  
collaboraYon	  running	  the	  experiment	  at	  SNOLAB.	  Holding	  the	  best	  
limit	  for	  low	  mass	  DM	  below	  ~	  3.5GeV,	  with	  only	  a	  0.3	  kg-‐day	  
exposure.	  
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R&D program alumni!
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R&D program that enables experiments in astrophysics!
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MKIDs	  (Dark	  Energy)	  
(main	  driver	  for	  the	  facility)	  
	  
	  
	  
	  
	  

Super	  CDMS	  	  (Dark	  MaUer)	  
Materials	  properYes	  measurements	  

STJ	  (neutrino	  decay)	  
Photon	  	  detector	  development	  
with	  KEK	  group	   SPT-‐3G	  (CMB)	  

Resonator	  tests	  

AdiabaYc	  DemagneYzaYon	  
Refrigerator	  @	  FNAL.	  
	  
	  
	  
	  
	  
	  
	  
	  OperaYons	  start	  2013.	  
30mK	  at	  FNAL	  for	  the	  first	  >me!	  
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MKID: superconductor detectors for optical-NIR astromomy!
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Pixels	  are	  SC	  resonators.	  Can	  detect	  
single	  photons	  hifng	  a	  pixel	  and	  
measure	  energy	  (R~100	  )and	  Yming	  
(~usec)	  for	  each	  photon	  .	  

Highly	  mulYplexed	  in	  a	  RF	  
line.	  Large	  focal	  planes	  are	  
possible.	  



MKID for Dark Energy!
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The DES and LSST will produce 
unprecedented imaging data sets 
in the coming years, decade. Do 
we have the technology to 
address the challenge of 
spectroscopic follow-up for this 
data? Are the MKIDs the 
solution? 

Recognized	  by	  P5	  as	  a	  technology	  
that	  could	  dramaYcally	  leverage	  
investments.	  



MKID R&D steps!
•  Close collaboration with UCSB for developing the next generation of large focal 

planes (+10,000 pixels). !
•  UCSB is the sensor developer (current best R~17, theory limit R~80 )!
•  FNAL is developing the readout electronics and a prototype imager for SOAR.!
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10/28/2014 1 

4 Gs/s A/D, 
channelizing, 
digital filtering, 
photon catalog 

1K pixel resonator 
signal generator, 
power calibration, 4 
Gs/s DAC 

1pps, and 10 MHz reference.  Rubidium clock, 
frequency synthesizer 

Computer 

MKID HEMT 

Cold Warm Warm 

Gustavo Cancelo | Scalable 10 to 20 Kilo-pixel MKID Signal Generation and DAQ for Cosmology 

FNAL	  engineers	  developing	  RF	  
mulYplexing	  electronics	  for	  reading	  
10,000	  pixels.	  SoluYon	  scalable	  to	  
larger	  arrays.	  
	  
ExisYng	  soluYon	  for	  2,000	  pixels	  
does	  not	  scale	  for	  large	  arrays.	  

10k	  sensor	  
developed	  
by	  Prof.	  
B.Mazin	  
(UCSB)	  

Now	  building	  at	  FNAL	  a	  prototype	  instrument	  to	  install	  
at	  SOAR	  4m	  telescope	  (Chile)	  during	  2016.	  Already	  in	  
discussions	  with	  SOAR	  Science	  board	  to	  do	  this.	  
Encouragement	  from	  SOAR	  director.	  J.Estrada | Detector R&D Astro!



•  SPT-3G Camera: FNAL is leading 
the design and fabrication of the 
camera, and its integration with the 
detector focal plane.!

•  High-bay at Sidet will be used for SPT-3G 
camera assembly and testing.!

•  Personnel: Brad Benson (Scientist), 
Hogan Nguyen (Scientist), Sasha Rahlin 
(Postdoc), Andrew Lathrop (Technician), 
Donna Kubik (Technician)!

CMB: SPT-3G Camera Design and Assembly!

High-bay in Sidet for !
SPT-3G Camera Assembly!

4K !
Collimating !
Lens!

4 K!
Field !
Lens!

4K!
Aperture 
Lens!

50 K 
Alumina!

4K!
Lyot!
Stop!

250 mK!
Focal!
Plane!

SPT-3G Camera 
Cryostat!
2300 lbs, !
8 feet long!
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CMB: Detector Simulation, Assembly, Testing!
•  Detector Simulation: RF simulations 

of coupling, and microstrip filters.!
•  Detector Assembly: Detector module 

assembly and packaging for SPT-3G 
(e.g., wire-bonding, wafer alignment).!

•  Detector Testing: Adiabatic de-
magnetization and He4/He3/He3 
cryostats characterize detectors and 
superconducting films.   !

•  LDRD support: Sims, assembly, and 
testing to support development of CMB 
detectors in collaboration with ANL.! Automatic Wire !

Bonders!

SPT-3G Detector !
Assembly!
at FNAL!

Niobium film 
testing in 
FNAL ADR!

FNAL He3!
Detector Test!
Cryostat!

SPT-3G Detector and !
Lenslet alignment!
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Xenon Studies (FNAL-Northwestern-Yale-Chicago)!
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•  Doping LXe dual phase TPC (like LUX/LZ) with helium or 
neon !
–  Initially proposed as a potential technical aide to maintaining surface stability!
–  Could greatly improve reach of experiment for low mass dark matter!
Shares a lot of infrastructure with previous solid Xe R&D.!

•  Xe doping in LAr!
–  Could shift the light to earlier times (from usec to 10 nsec), 

easier to collect in a neutrino LArTPC.!
–  Shift light to 175nm à more efficient detection.!
–  Could be interesting for DM (more light).!
Shares a lot of infrastructure with previous LAr R&D.!
!
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Nuclear Recoil Calibrations : LAr + CCDs!
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SCENE	  
Chicago,	  FNAL,	  
Naples,	  
Princeton,	  
Temple	  

Measured	  light	  and	  ionizaYon	  
yield	  for	  nuclear	  recoils	  using	  
neutrons	  at	  U.	  of.	  Notre	  Dame.	  
Key	  for	  LAr	  dark	  maUer.	  	  
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S1	  vs	  E	  for	  different	  drii	  fields	  



Nuclear Recoil Calibrations : LAr + CCDs!
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For	  very	  low	  energy	  nuclear	  recoils	  
detected	  with	  Silicon	  we	  also	  need	  
this	  calibraYon.	  Threshold	  100eV,	  
exisYng	  calibraYon	  down	  to	  4keV.	  

Also	  @ND	  
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Some of the students visitors for Cosmic detector R&D during 2014!
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High school!
!Max Drimmer (now at Stanford)!
!Sebastian Wagner (now at Harvard)!
!David Dodelson (now at Durham)!
!Steve Kerby (senior)!
!Meghan Razimoff (senior)!

Undergraduate:!
!Eduardo Mejia (Northern Illinois Univ)!
!Mikhail Rezazadeh (U. Chicago) !
!Emily Macuk (Marquette University)!

Graduate:!
!Melissa Butner (Northern Illinois Univ)!
!Alex Kavner (U. Michigan) ! ! ! !¤!
!Junhui Liao (Zurich) ! ! ! ! !¤!
!Rafael Ollala (Mexico)!
!Guadalupe Moreno (Mexico) ! ! ! !¤!
!Alejandro Castaneda (Mexico)!
!Pamela Hernandez (Mexico)!
!Federico Izraelevitch (Argentina)!
!Guillermo Fernandez (Argentina)!
!Conett Huerta (University of Puerto Rico) !!
!Jing Zhou (U.Chicago) ! ! ! ! !¤ 

 
¤ Shared R&D equipment with universities to enable contributions from home institution!
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Discussion!
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