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Astrophysics Projects at Fermilab!



Strong theoretical and instrumentation capabilities drive 
Fermilab’s Cosmic Frontier Program – a few examples!

6/15/16 Alan E. Robinson | Dark Matter Experiments11

SuperCDMS

Cryogenic semiconductor

• G2 experiment for light 
WIMPs

• Both Si and Ge crystals

• Long history at Fermilab

– Operations

– Analysis

– Calibration

– Warm electronics design

– Infrastructure testing
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PICO

Bubble chambers

• Fluorine target

– Spin-dependent 
sensitivity

• Insensitive to β/γ 
backgrounds

• Technology developed at 
UChicago, Fermilab, and 
IUSB
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SDSS	
1990’s	

DES	
2004-now	

CDMS	
1995-now		

COUPP/PICO	
	mid	2000’s-now	

SPT-3G	
2013-now	

Conf.	at	FNAL	
in	1984	
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Cosmic Program at Fermilab!

•  Grew out of the connection of particle physics and cosmology (inner-
space – outerspace) and the close ties between the theoretical 
astrophysics groups at Fermilab and Chicago in the early 1980’s!

•  Capitalizes on scientific expertise, technical skills, and facilities developed 
for particle physics by applying them to cosmology projects !
–  Data handling, analysis and quality control!
–  Silicon detectors: precision assembly, testing/characterization, integration!
–  Cryogenic engineering !
–  Light Detection!
–  Bubble Chambers !
–  RF engineering!

•  Strong collaboration with university community brings students and 
postdocs into the lab to gain hands-on experience with detectors and 
readout systems!
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Cosmic Program is part of the Fermilab Strategic Plan!

Cosmic	
FronIer	
Research	is		
~8%	of	the	
scienIsts	and	
~	17%	of	the	
postdocs		at	
the	lab	
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Overview of the astrophysics projects!

•  aa!

Dark	Ma'er	 Key	R&D	and	roles	at	Fermilab	

Super-Cryogenic	Dark	MaWer	
Search	at		SNOLAB	*	
(SuperCDMS-SNOLAB)	

Cryogenic	design,	underground	tesIng	in	NEXUS:	low	
background	tesIng	of	detectors,	devel.	of	acIve	
cryogenic	vetos	and	nuclear	recoil	calibraIons		

Liquid	Xenon	Dark	MaWer	
detecIon	(LZ)	

TPC	engineering,	process	control		

Axion	Dark	MaWer	eXperiment	
(ADMX)		*,	*	

RF	cavity	development,	quantum	detecIon	R&D	

Dark	Energy	 Key	R&D		and	roles	at	Fermilab	

Dark	Energy	Survey	(DES)	 CCD	R&D,	CCD	Packaging,	detector	integraIon	and	tesIng		

Dark	Energy	Spectroscopic	
Instrument	(DESI)	

CCD	R&D,	CCD	Packaging,	Precise	alignment	of	~ton	scale	
parts	(opIcal	corrector)	

Large	SynopIc	Survey	
Telescope	(LSST)	

Dark	Energy	Science	analysis	Frame	work	CompuIng	
Infrastructure	WG		

CMB	 Key	R&D	and	roles	at	Fermilab	

South	Pole		*	
Telescope		3G	

Camera	design,	fabricaIon,	detector	packaging,	tesIng,	and	
integraIon,	cryostat	assembly	and	tesIng		

CMB-	S4	 R&D,	design,	collaboraIon	development	
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Strong Synergy with the Energy Frontier program: 
Precision Assembly, Detector Characterization!

•  Developed for 
Tevatron collider 
program: CDF, 
Dzero and now 
CMS 

•  Dark Energy 
Camera for DES 

 
•  Now being used for 

DAMIC, CDMS, 
DESI, SPT-3G and 
R&D 

DAMIC	 	 	 	DESI 	 	 	 	SPT-3G	
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CCDs at Fermilab

3

CCD 
R&D

DAMIC 2011 
demo at NuMI

DAMIC 2012 
10 g @ SNOLAB

DAMIC 2014 
100g @ SNOLAB

CONNIE 2014 
Installed at ANGRA

packaging R&D for 
astronomy 2013

SENSEI 2016 LDRD

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

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

Detector R&D funds allowed FNAL to 
develop tools for the fabrication and 
testing of 500um silicon packaged for 
spectrograph. This has now put us in 
conditions to build the detectors for DESI 
project. 

Best limit at low masses for DM search. 
Now an international collaboration with 

funds from several institutions.  15 
scientists, 3 postdocs, 10 students.

DECam needed CCD 
R&D to produced a 

focal plane in 2005 .

prototype 1e- 
threshold detector 
at NuMI. MeV dark 
matter search.

one kilogram 
detector 
arrays with 
1e- threshold 
in the future.

ANTONELLA2015 nuclear recoil calibrations 
at low energies

DESI packaging @ 
FNAL 2016

2016 
new CCDs
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CCD packaging/testing for cosmic surveys (T=173K)

14

DECam imager - completed 2011

For spectrograph - R&D - 2014

In Collaboration with LBNL worked 

on the packaging and testing 

procedures for detectors in a 

spectrograph. 

Successful completion of the 

R&D made us the lab for the 

fabrication and testing of the 

CCDs for the DESI project.

Flatter, less 

cosmetics, larger, 

better process control

Expertise and infrastructure at SiDet make FNAL ideal place for this. Very 

productive partnership with LBNL.

DECam	CCDs	and	Imager	
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CCD packaging/testing for cosmic surveys (T=173K)

14

DECam imager - completed 2011

For spectrograph - R&D - 2014

In Collaboration with LBNL worked 

on the packaging and testing 

procedures for detectors in a 

spectrograph. 

Successful completion of the 

R&D made us the lab for the 

fabrication and testing of the 

CCDs for the DESI project.

Flatter, less 

cosmetics, larger, 

better process control

Expertise and infrastructure at SiDet make FNAL ideal place for this. Very 
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Sensors packaging for CMB  (250 mK)
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Niobium film 
testing in 
FNAL ADR

Automatic Wire 
Bonders

SPT-3G Detector and 
Lenslet alignment

Multi-lab (FNAL, ANL, LBNL, SLAC) effort to develop 

technology for a next-generation CMB-S4 experiment.  

FNAL effort focused on developing new resources for high-

throughput testing of detector arrays, as the CMB-S4 

experiment will require ~500,000 TES detectors, over 

two orders of magnitude larger than currently operating 

experiments. Newly built cryostat came online in FY15, 

which has been used to test multiple prototype detector 

arrays for SPT-3G and prototype superconducting cold 

electronics, including LC resonators and SQUIDs.  
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Slide from 2012 R&D review

Now Installed at SNOLAB
36 scientists, 14 students from 7 countries (US, 
Canada, Mexico, France, Switzerland, Brazil, 
Argentina, Paraguay ).
The collaboration is preparing a proposal to 
participate in the G3 process.

Slide from Prof. B. Kilminster (Zurich)

DAMIC

R&D effort at FNAL developed this technology that now supports the 
research of a significant international collaboration.Bare	silicon	is	delivered	from	LBNL	(CCDs)	and	ANL	(SPT-3G).		Fermilab	

builds	the	packages,	tests	them	and	integrates	them	into	full	systems	
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DES Optical 
Corrector, camera 
and Cage on the 
telescope simulator!

Strong Synergy with the Energy 
Frontier program: Precision assembly 
of large mechanical parts!

Presenter I Presentation Title 05/07/14

SPT-3G Camera Cryostat Assembly

18

Optics Cryostat

Gaston	
GuIerrez	in	
New	CMM	

for	SPT-3G	

DESI	OpIcal	
Corrector	
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Highlights of Dark Energy Survey results  
(DM and CMB talks will follow)!

•  Dark Energy Survey (4th year of observations started Aug. 2016)!
–  Observation of 6 new Strong Lenses!
–  Search for optical counterparts to LIGO gravitational waves!
–  First cosmology results!
–  Discovery of new Milky Way dwarf satellites!

Our interest is in cosmological applications!

11!

Nissanke	et	al.	2013	

16 The Dark Energy Survey Collaboration

Figure 11. Non-tomographic DES SV (blue circles), CFHTLenS
K13 (orange squares) and Planck (red) data points projected
onto the matter power spectrum (black line). This projection is
cosmology-dependent and assumes the Planck best fit cosmology
in ⇤CDM. The Planck error bars change size abruptly because
the C`s are binned in larger ` bins above ` = 50.

Figure 12. Constraints on the dark energy equation of state w
and S8 ⌘ �8(⌦m/0.3)0.5, from DES SV (purple), Planck (red),
CFHTLenS (orange), and Planck+ext (grey). DES SV is consis-
tent with Planck at w = �1. The constraints on S8 from DES SV
alone are also generally robust to variation in w.

6.2 Dark Energy

The DES SV data is only 3% of the total area of the full
DES survey, so we do not expect to be able to significantly
constrain dark energy with this data. Nonetheless, we have
recomputed the fiducial DES SV constraints for the second
simplest dark energy model, wCDM, which has a free (but

constant with redshift) equation of state parameter w, in
addition to the other cosmological and fiducial nuisance pa-
rameters (see Section 3). The purple contours in Figure 12
show constraints on w versus the main cosmic shear param-
eter S8; we find DES SV has a slight preference for lower
values of w, with w < �0.68 at 95% confidence. There is a
small positive correlation between w and S8, but our con-
straints on S8 are generally robust to variation in w.

The Planck constraints (the red contours in Figure 12)
agree well with the DES SV constraints: combining DES SV
with Planck gives negligibly di↵erent results to Planck alone.
This is also the case when combining with the Planck+ext
results shown in grey. Planck Collaboration et al. (2015b)
discuss that while Planck CMB temperature data alone do
not strongly constrain w, they do appear to show close to a
2� preference for w < �1. However, they attribute it partly
to a parameter volume e↵ect, and note that the values of
other cosmological parameters in much of the w < �1 region
are ruled out by other datasets (such as those used in the
‘ext’ combination).

Planck CMB data combined with CFHTLenS also show
a preference for w < �1 (Planck Collaboration et al. 2015b).
The CFHTLenS constraints (orange contours) in Figure 12
show a similar degeneracy direction to the DES SV results,
although with a preference for slightly higher values of w
and lower S8. The tension between Planck and CFHTLenS
in ⇤CDM is visible at w = �1, and interestingly, is not fully
resolved at any value of w in Figure 12. This casts doubt on
the validity of combining the two datasets in wCDM.

7 CONCLUSIONS

We have presented the first constraints on cosmology from
the Dark Energy Survey. Using 139 square degrees of Science
Verification data we have constrained the matter density of
the Universe ⌦m and the amplitude of fluctuations �8, and
find that the tightest constraints are placed on the degener-
ate combination S8 ⌘ �8(⌦m/0.3)0.5, which we measure to
7% accuracy to be S8 = 0.81± 0.06.

DES SV alone places weak constraints on the dark
energy equation of state: w < �0.68 (95%). These do
not significantly change constraints on w compared to
Planck alone, and the cosmological constant remains within
marginalised DES SV+Planck contours.

The state of the art in cosmic shear, CFHTLenS, gives
rise to some tension when compared with the most powerful
dataset in cosmology, Planck (Planck Collaboration et al.
2015c). Our constraints are in agreement with both Planck
and CFHTLenS results, and we cannot rule either out due
to larger uncertainties caused by a smaller e↵ective number
density of galaxies and our propagation of uncertainties in
the two most significant lensing systematics into our con-
straints.

We have investigated the sensitivity of our results to
variation in a wide range of aspects of our analysis, and
found our fiducial constraints to be remarkably robust. Our
results are stable to switching to our alternative shear cat-
alogue, im3shape, or to any of our alternative photometric
redshift catalogues, TPZ, ANNZ2 and BPZ. Nonetheless, to
account for any residual systematic error we marginalise over
5% uncertainties on shear and photometric redshift calibra-

MNRAS 000, 1–20 (2015)
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Confirmed Lensing Systems in DES SV 
[Nord++,2015; arXiv:1512.03062]

16

Lens
Source 
Image

• Larger-radii systems are easier to detect in DES

• We are now searching Y1 data for more that are useful for 

cosmology and dark matter profile studies





