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Direct Detection  
Coming of Age

• Dark Matter Direct Detection 

• Liquid Xenon TPCs 

• LZ 

• Design and Hardware efforts 

• Science Reach 

• LXe G3

�2



Astrophysics gives evidence of Dark Matter
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Bullet cluster
red: hot gas

blue: dark matter



Our Universe in a Pie Chart
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Dark Matter Models
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Searching for WIMPs
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What do we need for Direct Detection?
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Ability to see low energy WIMP induced recoils


Radiogenically pure


Low threshold (< 10s keV)


Ability to distinguish nuclear recoils


Difference between electronic recoils & nuclear recoils


Difference between alphas and nuclear recoils


Position reconstruction and fiducialization


Shielding from radiogenic and cosmogenic backgrounds



My primary focus: Liquid Xenon TPCs
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LUX to LZ
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LZ under construction now
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LXe Handling
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SLAC System Test Platform
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System Test Chambers
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System Test Preliminary Results
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• See updates from  
• Stanford Grads Kelly Stifter and Wei Ji at CPAD https://indico.fnal.gov/event/

18104/session/14/contribution/103/material/0/0.pdf 
• Wisconsin Postdoc Rachel Mannino at IDM https://indico.cern.ch/event/

699961/contributions/3043407/attachments/1692639/2723672/
LZGridsProductionTesting_Mannino_IDM.pdf

• HV needs 

• Cathode HV for drift velocity and discrimination 

• Gate-Anode HV for extraction 

• Minimize electron emission for accidentals and 
S2 only analysis 

• Preliminary tests show 

• Acid passivation reduces emission rate 

• Training (staying at voltage below sparking 
level) reduces emission rate

https://indico.fnal.gov/event/18104/session/14/contribution/103/material/0/0.pdf
https://indico.fnal.gov/event/18104/session/14/contribution/103/material/0/0.pdf
https://indico.cern.ch/event/699961/contributions/3043407/attachments/1692639/2723672/LZGridsProductionTesting_Mannino_IDM.pdf
https://indico.cern.ch/event/699961/contributions/3043407/attachments/1692639/2723672/LZGridsProductionTesting_Mannino_IDM.pdf
https://indico.cern.ch/event/699961/contributions/3043407/attachments/1692639/2723672/LZGridsProductionTesting_Mannino_IDM.pdf


Predicted backgrounds
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Backgrounds

�17  arXiv:1802.06039



Background locations simulated in LZ
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What would a signal look like in LZ?

�19  arXiv:1802.06039



Xenon1T backgrounds
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LZ’s Projected Sensitivity
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Cross-check: recreate TDR baseline
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LZ Spin dependent sensitivity
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Discovery potential!
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 arXiv:1802.06039



Threshold and exposure affect limits
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arXiv:1509.08767



Radon and WIMP sensitivity
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 arXiv:1802.06039



Other LZ searches
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PDF versions of the plots were updated 
to twiki
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ki/pub/Lz/0vbbForNeutrino2018/NDBDa
pprovalPlots.pdf

Awaiting LZ Collaboration ApprovalFiducial volume (R2,Z) - Total

● All analysis cuts except fiducial cut 
(ROI energy region)

PDF versions of the plots were updated 
to twiki
http://teacher.pas.rochester.edu:8080/wi
ki/pub/Lz/0vbbForNeutrino2018/NDBDa
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Awaiting LZ Collaboration Approval

Neutrinoless Double Beta decay

Axions (Galactic and solar)



Evolution of LXe TPCs
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Figure 2: The evolution of dark matter direct detection experiments using the liquid xenon technology.

3 Proposed Work
Since the first results from the XENON10 detector more than a decade ago, the LXe-TPC

technology has been the leading technique in the hunt for dark matter. Successive programs
have refined and improved the TPC operation with significant R&D over the past fifteen years,
leading to a mature and robust design of multi-tonne scale detectors (Fig. 2). In this section we
describe the basic features of the design, and identify some areas that need further development
to be successful at the envisioned 100-tonne scale.

The basic work plan in support of the goals outlined in Sec. 1.1 can be broken down into a
few specific objectives: reduction of radon backgrounds, the scale-up of LXe handling and cryo-
genics, and enhancing signal collection with high voltage and optics. Together, these objectives
lead into operating a Demonstrator, completing simulations of the G3 detector, and produc-
ing a Technical Design Report. We outline preliminary deliverables and milestones in Table 1.
Research conducted by domestic and international partners will complement our proposed work.

3.1 Hardware Design
The baseline design of a LXe TPC, as executed in XENONnT and LZ, consists of a cylindrical

field cage made of PTFE reflectors on the side, several electrodes on top and bottom to provide
drift and extraction fields, and photomultiplier (PMT) arrays at top and bottom to detect signals
generated in the LXe target for position, energy reconstruction, and event type discrimination.
While the baseline design has remained essentially unchanged as the target mass has scaled up
from a few kilograms to several tonnes, each increase in size has required solving new technical
challenges. The move to a G3 experiment will be no different, and we have identified three
main areas as challenges at the G3 scale: radon reduction, liquid xenon handling, and signal
collection. The team will therefore investigate both scaled-up designs from current detectors
(XENONnT and LZ) as well as alternative designs for these focus areas. These hardware designs
will be tested and optimized in small tests at various institutions, and the most promising ones

A Generation-3 Xenon Detector 6/10



G3 Science Reach

�28Figure 1: Some of the many science channels accessible to a generation-3 liquid xenon experiment. Shown
here is the XENON1T TPC for illustration.

in detectors. For example the dark matter particle may upscatter followed by de-excitation
resulting in a nuclear recoil followed by photon emission [Bramante et al., 2016].

An ‘ultimate’ direct dark matter detector as proposed here will conclusively probe the dark
matter parameter space down to a signal from astrophysical neutrinos, which constitute a back-
ground for dark matter detection. It will obtain sensitivities to many theoretically-interesting
and yet-unexplored dark matter candidates and probe the coupling of dark matter to the Higgs
boson. The proposed program will allow the realization of the G3 LXe experiment complemen-
tary to the next generation of astrophysical searches and the high-luminosity LHC.

1.2.2 Neutrinos for Solar Physics, Particle Physics, and Supernova Physics

A G3 LXe detector will be sensitive to astrophysical neutrinos from the Sun, atmo-
sphere, and supernovae. This presents exciting opportunities for studying neutrinos in a new
realm, including through the novel channel of Coherent Elastic Neutrino-Nucleus Scattering
(CEvNS) [Akimov et al., 2017].

A G3 LXe detector will provide an independent measurement of the neutral current com-
ponent of the solar 8B neutrino flux, measured to be right in between that predicted by the
low and high metallicity Standard Solar Model [Agostini et al., 2018]. Such a detector will also
provide a new observation of the electron recoil energy spectrum induced by elastic scattering of
pp neutrinos, thus improving measurements of the Sun’s neutrino luminosity. Importantly, this

A Generation-3 Xenon Detector 3/10



G3 Beyond vanilla WIMPs 
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Effective Field theory 
Inelastic Dark Matter 

Leptophilic Dark Matter 
sub-GeV Dark Matter 

Dark Photons 
Solar axions 

Axion-like particles 
Mirror Dark Matter 

Millicharged Dark Matter

CE𝛎NS 
Solar neutrinos 

Atmospheric neutrinos 
Supernova neutrinos 

Two neutrino double beta decay 
Neutrinoless double beta decay 

Double electron capture 
Nucleon decay 

Fractionally charge particles



LUX sub-GeV search
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FIG. 2. Illustration of the DM-nucleus scattering event rate
from the Migdal e↵ect with a heavy scalar mediator (solid
black line) for mDM = 1 GeV/c2 with a cross section per
nucleus of 1⇥10�35 cm2. Also shown is the e�ciency from the
in situ tritium measurements performed by the LUX detector
(dashed teal line). The hatched blue area indicates the event
rate considered for this analysis with tritium e�ciency and a
1.24 keV energy threshold (dotted gray line) applied. Data
quality cuts are not included.
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FIG. 3. The expected signal from DM-nucleus interactions
through Migdal e↵ect with a cross section per nucleus of 1 ⇥
10�35 cm2 projected onto a two-dimensional space of log10S2
vs. S1. Assumptions are the same as in Fig. 2 with additional
data quality cuts applied.

tor instrumentation, and external environmental sources
as described in [22]. The background model used in this
work is identical to that used in [6].

Results.— The sub-GeV DM signal hypotheses are
tested with a two-sided profile likelihood ratio (PLR)
statistic. For each DM mass, a scan over spin-
independent DM-nucleon cross section is performed to
construct a 90% confidence interval, with the test statis-
tic distribution evaluated by Monte Carlo sampling using
the RooStats package [24]. Systematic uncertainties
in background rates are treated as nuisance parameters
with Gaussian constraints in the likelihood. Six nuisance

FIG. 4. Contours containing 95% of the expected DM sig-
nal from the Bremsstrahlung and Migdal e↵ects. Solid am-
ber contour indicates a Bremsstrahlung signal of mDM =
0.4 GeV/c2 assuming a heavy scalar mediator. The other two
contours are for the Migdal e↵ect: the dashed teal contour
is for mDM = 1 GeV/c2 assuming a heavy scalar mediator,
and the dash-dot light blue contour is for mDM = 5 GeV/c2

assuming a light vector mediator. The contours are over-
laid on 591 events observed in the region of interest from the
2013 LUX exposure of 95 live-days and 145 kg fiducial mass
(cf. Ref [6]). Points at radius < 18 cm are black; those at
18-20 cm are gray since they are more likely to be caused
by radio-contaminants near the detector walls. Distributions
of uniform-in-energy electron recoils (blue) and an example
signal from mDM = 150 GeV/c2 (red) are indicated by 50th

(solid), 10th, and 90th (dashed) percentiles of S2 at given S1.
Gray lines, with ER scale of keVee at the top and Lindhard-
model NR scale of keVnr at the bottom, are contours of the
linear-combined S1-and-S2 energy estimator [23].

parameters are included for low-z-origin �-rays, other �-
rays, � particles, 127Xe, 37Ar, and wall counts, as de-
scribed in [6] (cf. Table I). Systematic uncertainties from
light yield have been studied but were not included in
the final PLR statistic since their e↵ects were negligible.
This is expected as the error on light yield obtained from
the tritium measurements ranges from 10% at low en-
ergies to sub 1% at higher energies. Moreover, changing
the light yield slightly is not expected to change the limit
significantly since only a small fraction of events near the
applied energy threshold are a↵ected.
For an illustration of the expected location of the signal

in the S1-log10S2 detector space, contours for various
DM masses with di↵erent mediators are overlaid on the
observed events from WS2013 shown in Fig. 4.
Upper limits on cross section for DM masses from 0.4

to 5 GeV/c2 for both the Bremsstrahlung and Migdal
e↵ects assuming both a light and a heavy scalar medi-
ator are shown in Fig. 5. Upper limits for a light and
a heavy vector mediator for the Migdal e↵ect were also
calculated. The limits are scaled by Z2/A2 compared to
the scalar mediator case and can be found in [36]. The
observed events are consistent with the expectation from

5

FIG. 5. Upper limits on the spin-independent DM-
nucleon cross section at 90% C.L. as calculated using the
Bremsstrahlung and Migdal e↵ect signal models assuming a
scalar mediator (coupling proportional to A2). The 1- and
2-� ranges of background-only trials for this result are pre-
sented as green and yellow bands, respectively, with the me-
dian limit shown as a black dashed line. The top figure
presents the limit for a light mediator with qref = 1 MeV.
Also shown is a limit from PandaX-II [25] (pink). The bot-
tom figure shows limits for a heavy mediator along with
limits from the spin-independent analyses of LUX [1] (red),
PandaX-II [2] (gray), XENON1T [26] (orange), XENON100
S2-only [27] (pink), CDEX-10 [28] (purple), CDMSlite [29]
(teal), CRESST-II [30] (dark blue), CRESST-III [31] (light
blue), CRESST-surface [32] (cyan), DarkSide-50 [33] (green),
NEWS-G [34] (brown), and XMASS [35] (lavender).

background only.
Summary.—Contributions from the Bremsstrahlung

and Migdal e↵ects extend the reach of the LUX detector
to masses previously inaccessible via the standard NR
detection method. The Bremsstrahlung photon and the
electron from Migdal e↵ect emitted from the recoiling
atom boost the scattering signal for low mass DM par-
ticles since the energy transfer is larger in these atomic
inelastic scattering channels than in the standard elas-

tic channel and the ER e�ciency is significantly higher
at low energies. This analysis places limits on spin-
independent DM-nucleon cross sections to DM masses
down to 0.4 GeV/c2 from 5 GeV/c2 assuming both scalar
and vector, and light and heavy mediators. The result-
ing limits achieved using the Migdal e↵ect in particu-
lar create results competitive with detectors dedicated
to searches of light DM. Furthermore, this type of anal-
ysis will be useful to the next-generation DM detectors,
such as LZ [37] by extending their reach to sub-GeV DM
masses.
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• Low energy Nuclear recoils 
can also have a ER 
component from 
Bremsstrahlung and Migdal 
effect (lagging electrons 
ionize, here from n=3,4)  arXiv:1811.11241



G3 Neutrinos
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Astrophysics 

First measurement of the 8B neutral current energy spectrum 
First direct measurement of the survival probably for low energy solar neutrinos 
Direct measurement of the CNO flux 
PP flux measurement to ~ few percent will provide most stringent measurement of the 
``neutrino luminosity” of the Sun 
Particle physics 

NSI affects both neutrino-coherent scattering and neutrino-electron elastic scattering channels 

Independent probe of eV-scale sterile neutrinos 

100 GeV 
 WIMP



LZ will turn on in 2020 and run through 2025 

Most sensitive dark matter detector to date 

Will have some access to other physics too 

What will happen in the field after 2025? 

G3 LXe detector 

Let’s get to the neutrino floor! (Maybe a 3% chance of 
finding dark matter in this open parameter space) 

Let’s explore neutrino physics! 

All of this is just attacking one part of the puzzle of dark 
matter and neutrino physics, complementary to other 
direct/indirect/collider searches and neutrino studies. 

Looking forward….



LZ TPC
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Packs, Panels and Cables

�34

• PSL staff and UW 
students will fabricate, 
clean and test: 

• Xe space coaxial cable 

• Xe gas storage packs 

• Xe gas panels



Phase 2 System Test

• Test 1.5 m 
diameter final 
grids 

• Engineering 
provided by PSL
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Searching for WIMPs
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Direct Detection Techniques
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Direct Detection Signals?
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Similarly, the peak date associated to T = 365 days for
this group of events is tmax = 102 ± 47 days. We note
this is compatible with the tmax = 136±7 days found for
DAMA/LIBRA in the 2-4 keVee region of its spectrum
where its modulation is maximal [14, 33]. Best-fitted T
and tmax for the other three groups of events appear at
random values. Fits to these other three groups with
T = 365 days imposed do not favor the presence of a
modulation (Fig. 5). We ascertain that significant power
centered around T = 365 days appears only for the low-
energy bulk group via a periodogram analysis (Fig. 6,
[34–36]), taking binning precautions similar to those de-
scribed in [38].
This straightforward treatment, which incorporates

an improved discrimination against surface backgrounds
compared to our previous analyses, confirms our earlier
indication of an annual modulation in CoGeNT data [23],
exclusively for the subset of events liable to contain a
low-mass WIMP dark matter signal. Its significance is
modest in the present unoptimized form of analysis: us-
ing the likelihood ratio method described in [23] the hy-
pothesis of an annual modulation being present in the
low-energy bulk group is preferred to the null hypothesis
(no modulation) at the ∼ 2.2 σ level [39, 40]. However,
this frequentist approach does not take into consideration
information from DAMA/LIBRA and other searches as a
prior, specifically the potential relevance of the modula-
tion amplitude favored by CoGeNT, a subject developed
next. In this respect, we call attention to incipient ap-
plications of Bayesian methodology in this area [42–44].
The remainder of this paper focuses on the possibility of
using our observations to obtain a common phenomeno-
logical interpretation of recent intriguing results in direct
searches for dark matter.

DISCUSSION

A best-fit value of S = 12.4(±5)% is observed for the
low-energy bulk group when the L-shell EC contribu-
tion is subtracted directly (top panel in Fig. 5). If a
free T1/2 is allowed (second panel in the figure), this be-
comes S = 21.7(±15)%. If the irreducible low-energy
excess in the CoGeNT spectrum is considered to be the
response to a mχ ∼8 GeV/c2 WIMP, it would account
for 35% of the bulk events in the 0.5-2.0 keVee region,
the rest arising from a flat component originating mainly
in Compton scattering of gamma backgrounds (see dis-
cussion around Fig. 23 in [7]). This fraction is approxi-
mate, as it can change some with choice of background
model, and of rise-time cuts leading to slight variations
in the irreducible “pure” bulk spectrum. This putative
WIMP signal would then be oscillating with an annually-
modulated fractional amplitude in the range between
±35% and ±62%. This is larger by a factor ∼ 4− 7
than the ±9% expected for a WIMP of this mass in this
germanium energy region, when the zeroth-order approx-
imation of an isotropic Maxwellian halo is adopted [21].

FIG. 5. Best-fit modulations for the four groups of events,
after accounting for decaying background components (see
text). Dotted lines and data points are for unconstrained
modulations, solid lines for an imposed annual period. Verti-
cal arrows point at the position of the DAMA/LIBRA modu-
lation maxima [14]. A modulation compatible with a galactic
dark halo is found exclusively for bulk events, and only in
the spectral region where a WIMP-like exponential excess of
events is present.

A growing consensus is that a Maxwellian descrip-
tion of the motion of dark matter particles in the lo-
cal halo, the so-called standard halo model (SHM), is
incomplete, as it excludes several expected halo compo-

DAMA/LIBRA
CRESST-II

COGENT

J. Collar IDM 2012

Cerulli IDM 2012

Angloher et al. arXiv:1109.0702

CDMS-II Si

Agnese et al. arXiv:1304.4279

Aalseth et al. arXiv:1401.3295



WIMPs
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Particles with masses of ~100 GeV 
and interactions at the weak scale 
would give current dark matter 

density of .3 GeV/cm3

WIMPs fit naturally with SuSY:  
lightest neutralino, the LSP 



Xenon: Electron Recoil
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Dan Akerib SLAC / Kipac / Stanford TAUP 2015

Signal production in liquid nobles
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Xenon: Nuclear Recoil
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Dan Akerib SLAC / Kipac / Stanford TAUP 2015
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LUX results  
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Energy Calibration: Doke Plot

• Electron recoils with 
energy dependent varying 
recombination 

• Total quanta remain, 
W=13.7 eV

�43

⟨S1⟩ [phd] = [0.1167 ± 0.003] nγ 
⟨S2⟩ [phd] = [12.05 ± 0.83 ] ne 



Electronic Recoils

• Inject gas source of 
tritiated methane 

• Tritium populates the 
background model 

• Utilizes energy scale 
from the Doke plot
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Nuclear Recoils

• Mono energetic D-D Neutron beam 
(2.45 MeV) 

• Double scatters kinematically give 
energy of first scatter for charge 
yield 

• Single scatters studied for light yield
�45



LUX Events
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LUX Spin Independent Result
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From Summer 2017

Null results from: 

DEAP-3600, PandaX-II, 
XENON1T
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Phys.Rev.Lett. 119 (2017) no.18, 181301 



LZ @ SURF
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Davis	Cavern	1480	m	

	(4200	m	water	equivalent)	

Sanford	Underground	Research	Facility	

Homestake	Gold	mine	

Lead,	SD	(near	Deadwood)	



LZ: 38 Institutions & 250 scientists,    
engineers and technicians
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1) Center for Underground Physics (South 
Korea)

2) LIP Coimbra (Portugal)
3) MEPhI (Russia)
4) Imperial College London (UK)
5) Royal Holloway University of London (UK)
6) STFC Rutherford Appleton Lab (UK)
7) University College London (UK)
8) University of Bristol (UK)
9) University of Edinburgh (UK)
10) University of Liverpool (UK)
11) University of Oxford (UK)
12) University of Sheffield (UK)
13) Black Hill State University (US)
14) Brandeis University (US)

15) Brookhaven National Lab (US)
16) Brown University (US)
17) Fermi National Accelerator Lab (US)
18) Lawrence Berkeley National Lab (US)
19) Lawrence Livermore National Lab (US)
20) Northwestern University (US)
21) Pennsylvania State University (US)
22) SLAC National Accelerator Lab (US)
23) South Dakota School of Mines and 

Technology (US)
24) South Dakota Science and Technology 

Authority (US)
25) Texas A&M University (US)
26) University at Albany (US)
27) University of Alabama (US)

28) University of California, Berkeley (US)
29) University of California, Davis (US)
30) University of California, Santa Barbara (US)
31) University of Maryland (US)
32) University of Massachusetts (US)
33) University of Michigan (US)
34) University of Rochester (US)
35) University of South Dakota (US)
36) University of Wisconsin – Madison (US)
37) Washington University in St. Louis (US)
38) Yale University (US)



TPC design
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Xe Detector Overview
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SECTION VIEW 
OF LXE TPC

HV CONNECTION TO CATHODE

GAS PHASE AND 
ELECTROLUMINESCENCE REGION

TPC field cage

Top PMT array

Bottom PMT array

Reverse-field region

Side Skin PMTs
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LZ Backgrounds
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Cold and Pure LXe

• Ex-situ removal of Kr via charcoal 
chromatography 

• Constant removal of reactive 
impurities with a hot gas getter, 
flows at 500 slpm 

• Gas circulation allows for injection 
of radioactive calibration sources 

• Kr83m, Xe131 workhorses 

• CH3T quarterly; must be 
removed with getter

�53



LZ @ UW Madison
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Early Simulations for TDR
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LXe Handling
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WBS 1.04 Xe Handling
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Conclusion

• LUX has presented world-leading limits with the most 
sophisticated dark matter analysis to date. 

• Direct Dark Matter Detection is entering a new era of discovery 
capability, along with a more mature detector design and 
collaboration organization 

• LZ will be the most sensitive to conventional  ~100 GeV WIMPs, 
as well as being a versatile detector for other exotic searches 

• The broad dark matter field, with collider, indirect, and direct 
detections will have interesting results over the next 7= 2pi years 

• UWMadison is a great place to be working on LZ! 
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Searching for WIMPs

�58

X X

?

SM SM

Direct (Scattering) 

Collider 
 (Production) 

Indirect 
 (Annihilation) 

Make It!Break It!

Shake It!



Ricochet: neutrinos, low mass DM
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Zn (new!)    
TES-SQUID 
readout



Ricochet Detectors
Ge (EDELWEISS) 
NTD readout
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The goal is to reach recoil thresholds below 100 eV so as to see the onset of reactor 
neutrinos from CEvNS reactions. 

Why use one technology, when you can use three?

What Kind of Detectors 
to Use?

CaWO4  
Crystals 

(CRESST)

Germanium  
Detectors 

(EDELWEISS)

Superconducting  
Metals 
(MIT)

CaWO4 (CRESST) 
TES-SQUID 
readout

Zn (new!)    
TES-SQUID 
readout

Lower threshold operation to 100eVnr

Common Targets

Primary Readout Secondary 
Readout

Discrimination 
Channel

Discrimination 
Readout

Ge NTD JFET Charge JFET

CaWO4 TES SQUID Light TES

Zn TES SQUID N/A 
(timing) N/A
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Table 9  
Parameters of the struts within the cryostat. The struts in PMMA have been calculated with a 50 MPa maximum compressive strength. The buckling limit is far from the indicated 
values. 

Between stages Outer Diameter × Inner 
Diameter × Length (mm) Number Surface Area / Length (mm) Max load (daN) 

OVC to 60 K 50 × 40 × 50 8 123 30 000 
60 K to thermal shield 50 × 40 × 50 8 123 30 000 
Thermal shield to 1.8 K 50 × 40 × 50 8 123 30 000 
1.8 to 0.5 K 50 × 44 × 50 8 72.8 18 000 
500 to 50 mK 50 × 44 × 50 8 72.8 18 000 
50 to 10 mK 50 × 46 × 50 8 49.2 12 000 

Figure 11. Left: radial cross section of a germanium detector showing the NTD-Ge and 
electric field lines defining bulk and surface volumes. Right: photograph of the detector 
partially mounted in its support. 

Figure 12. CaWO 4 detector showing TESs, light reflector and light absorber. 
for scintillating bolometers, for example, CaWO 4 as in the CRESST 
experiment, or sapphire, BGO, LiF as investigated by the ROSEBUD 
[ 35 ] experiment. A decision on the actual material composition of the 
EURECA target will be made at an appropriate cutoff point. The pro- 
duction and mounting issues, as described in this section, are similar 
to all materials and the setup will be flexible to host any of them. In 
the following text only CaWO 4 is mentioned, since presently it looks 
most promising as scintillating material. 

EURECA will be based on the detectors presently used by the two 
dark matter experiments EDELWEISS and CRESST. The detection is in 
both cases performed with low-temperature devices; however, there 
is a difference regarding the implementation of background rejection 
capability. The EDELWEISS detectors are made of germanium and are 
read out by NTD sensors and electrodes evaporated onto the crystal 
surfaces. A detector is shown in Fig. 11 . The background suppression 
in this case is realised by simultaneously measuring heat and ionisa- 
tion to distinguish between electron and nuclear recoils. In CRESST the 
target material is CaWO 4 . Here, the background rejection is achieved 
by measuring phonons and scintillation light at the same time. The 
CaWO 4 scintillating target crystal, as well as the light detector, are 
readout by superconducting TESs made of tungsten films. A detector 
is shown in Fig. 12 . Both detector types are being optimised, address- 
ing aspects such as radiopurity, scintillation properties, background 
identification and energy threshold. 

A better control of background events from the surface is the way 
to further increase the sensitivity of both detector types, germanium 

and CaWO 4 . Besides the reduction of surface contamination, this can 
be achieved by the fully interdigitised (FID) detector design [ 24 , 36 ] in 
the case of germanium and by scintillating detector holder surfaces in 
the case of CaWO 4 . To produce a total target mass of up to 1000 kg we 
assume a mass of 800 g for germanium crystals and 300 g for CaWO 4 
crystals as a baseline design. There is work in progress to increase 
the crystal size to 1600 g for germanium and 1000 g for CaWO 4 , but 
already with the baseline option, at least 100 kg of target mass for both 
germanium and CaWO 4 can be produced per year. The detectors will 
be mounted in 12 towers, each with either 108 germanium detectors 
or 180 CaWO 4 detectors and a mix of up to 1040 kg of germanium and 
of up to 648 kg of CaWO 4 can be built as a target. Table 10 summarises 
the key numbers for the detectors and detector production. 
Table 10  
Key numbers for the EURECA detectors and detector production. Separation (or energy) 
threshold refers to the recoil energy above which the rate of undiscriminated gamma 
events falls below the target sensitivity. 

Sensitivity Requirements 
Separation threshold 10 keV or below 
Background 
suppression 10 5 or better 
Energy resolution for 
Ge detectors 650 eV (ionisation), < 1 keV (heat) 
Energy resolution for 
CaWO 4 detectors < 1 keV (light), 300 eV (heat) 

Readout 
Heat Charge / Light 

Ge detectors NTD sensors FID Al electrodes 
CaWO 4 detectors TES TES 

Detector Mass 
Baseline design Advanced design 

Ge detectors 800 g 1600 g 
CaWO 4 detectors 300 g 1000 g 

EURECA maximum capacity – baseline desig 
Target mass Number of detectors 

Ge detectors 1040 kg 1296 
CaWO 4 detectors 648 kg 2160 

Under the usual assumption of coherent WIMP scattering, one 
expects that the total scattering rate in CaWO 4 is dominated by inter- 
actions with the heavier tungsten nuclei. However, due to kinematics 
a heavier nucleus tends to receive a smaller recoil energy, and in a 
detector with a finite energy threshold the other constituents can also 
become relevant despite the coherence effect. For low WIMP masses 
up to about 12 GeV, the scattering off tungsten is completely be- 
low threshold, and oxygen and calcium recoils give the only possible 
signal. On the other hand, above WIMP masses of about 30 GeV, ger- 
manium and tungsten recoils completely dominate. When looking for 
possible WIMP interactions we therefore benefit from considering all 
nuclei from both materials in order to be sensitive to the largest pos- 
sible range of WIMP masses and to discriminate against a potential 
remaining neutron background. 

The two types of detectors are to be kept in separate towers, as 
the two detector types do not have the same geometry and the same 
readout scheme. CaWO 4 temperature sensors are low-impedance TES 
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electric field lines defining bulk and surface volumes. Right: photograph of the detector 
partially mounted in its support. 

Figure 12. CaWO 4 detector showing TESs, light reflector and light absorber. 
for scintillating bolometers, for example, CaWO 4 as in the CRESST 
experiment, or sapphire, BGO, LiF as investigated by the ROSEBUD 
[ 35 ] experiment. A decision on the actual material composition of the 
EURECA target will be made at an appropriate cutoff point. The pro- 
duction and mounting issues, as described in this section, are similar 
to all materials and the setup will be flexible to host any of them. In 
the following text only CaWO 4 is mentioned, since presently it looks 
most promising as scintillating material. 

EURECA will be based on the detectors presently used by the two 
dark matter experiments EDELWEISS and CRESST. The detection is in 
both cases performed with low-temperature devices; however, there 
is a difference regarding the implementation of background rejection 
capability. The EDELWEISS detectors are made of germanium and are 
read out by NTD sensors and electrodes evaporated onto the crystal 
surfaces. A detector is shown in Fig. 11 . The background suppression 
in this case is realised by simultaneously measuring heat and ionisa- 
tion to distinguish between electron and nuclear recoils. In CRESST the 
target material is CaWO 4 . Here, the background rejection is achieved 
by measuring phonons and scintillation light at the same time. The 
CaWO 4 scintillating target crystal, as well as the light detector, are 
readout by superconducting TESs made of tungsten films. A detector 
is shown in Fig. 12 . Both detector types are being optimised, address- 
ing aspects such as radiopurity, scintillation properties, background 
identification and energy threshold. 

A better control of background events from the surface is the way 
to further increase the sensitivity of both detector types, germanium 

and CaWO 4 . Besides the reduction of surface contamination, this can 
be achieved by the fully interdigitised (FID) detector design [ 24 , 36 ] in 
the case of germanium and by scintillating detector holder surfaces in 
the case of CaWO 4 . To produce a total target mass of up to 1000 kg we 
assume a mass of 800 g for germanium crystals and 300 g for CaWO 4 
crystals as a baseline design. There is work in progress to increase 
the crystal size to 1600 g for germanium and 1000 g for CaWO 4 , but 
already with the baseline option, at least 100 kg of target mass for both 
germanium and CaWO 4 can be produced per year. The detectors will 
be mounted in 12 towers, each with either 108 germanium detectors 
or 180 CaWO 4 detectors and a mix of up to 1040 kg of germanium and 
of up to 648 kg of CaWO 4 can be built as a target. Table 10 summarises 
the key numbers for the detectors and detector production. 
Table 10  
Key numbers for the EURECA detectors and detector production. Separation (or energy) 
threshold refers to the recoil energy above which the rate of undiscriminated gamma 
events falls below the target sensitivity. 

Sensitivity Requirements 
Separation threshold 10 keV or below 
Background 
suppression 10 5 or better 
Energy resolution for 
Ge detectors 650 eV (ionisation), < 1 keV (heat) 
Energy resolution for 
CaWO 4 detectors < 1 keV (light), 300 eV (heat) 

Readout 
Heat Charge / Light 

Ge detectors NTD sensors FID Al electrodes 
CaWO 4 detectors TES TES 

Detector Mass 
Baseline design Advanced design 

Ge detectors 800 g 1600 g 
CaWO 4 detectors 300 g 1000 g 

EURECA maximum capacity – baseline desig 
Target mass Number of detectors 

Ge detectors 1040 kg 1296 
CaWO 4 detectors 648 kg 2160 

Under the usual assumption of coherent WIMP scattering, one 
expects that the total scattering rate in CaWO 4 is dominated by inter- 
actions with the heavier tungsten nuclei. However, due to kinematics 
a heavier nucleus tends to receive a smaller recoil energy, and in a 
detector with a finite energy threshold the other constituents can also 
become relevant despite the coherence effect. For low WIMP masses 
up to about 12 GeV, the scattering off tungsten is completely be- 
low threshold, and oxygen and calcium recoils give the only possible 
signal. On the other hand, above WIMP masses of about 30 GeV, ger- 
manium and tungsten recoils completely dominate. When looking for 
possible WIMP interactions we therefore benefit from considering all 
nuclei from both materials in order to be sensitive to the largest pos- 
sible range of WIMP masses and to discriminate against a potential 
remaining neutron background. 

The two types of detectors are to be kept in separate towers, as 
the two detector types do not have the same geometry and the same 
readout scheme. CaWO 4 temperature sensors are low-impedance TES 

to TES sensor
gold pad (+wire)

Common Targets

Primary Readout Secondary 
Readout

Discrimination 
Channel

Discrimination 
Readout

Ge NTD JFET Charge JFET

CaWO4 TES SQUID Light TES

Zn TES SQUID N/A 
(timing) N/A
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for scintillating bolometers, for example, CaWO 4 as in the CRESST 
experiment, or sapphire, BGO, LiF as investigated by the ROSEBUD 
[ 35 ] experiment. A decision on the actual material composition of the 
EURECA target will be made at an appropriate cutoff point. The pro- 
duction and mounting issues, as described in this section, are similar 
to all materials and the setup will be flexible to host any of them. In 
the following text only CaWO 4 is mentioned, since presently it looks 
most promising as scintillating material. 

EURECA will be based on the detectors presently used by the two 
dark matter experiments EDELWEISS and CRESST. The detection is in 
both cases performed with low-temperature devices; however, there 
is a difference regarding the implementation of background rejection 
capability. The EDELWEISS detectors are made of germanium and are 
read out by NTD sensors and electrodes evaporated onto the crystal 
surfaces. A detector is shown in Fig. 11 . The background suppression 
in this case is realised by simultaneously measuring heat and ionisa- 
tion to distinguish between electron and nuclear recoils. In CRESST the 
target material is CaWO 4 . Here, the background rejection is achieved 
by measuring phonons and scintillation light at the same time. The 
CaWO 4 scintillating target crystal, as well as the light detector, are 
readout by superconducting TESs made of tungsten films. A detector 
is shown in Fig. 12 . Both detector types are being optimised, address- 
ing aspects such as radiopurity, scintillation properties, background 
identification and energy threshold. 

A better control of background events from the surface is the way 
to further increase the sensitivity of both detector types, germanium 

and CaWO 4 . Besides the reduction of surface contamination, this can 
be achieved by the fully interdigitised (FID) detector design [ 24 , 36 ] in 
the case of germanium and by scintillating detector holder surfaces in 
the case of CaWO 4 . To produce a total target mass of up to 1000 kg we 
assume a mass of 800 g for germanium crystals and 300 g for CaWO 4 
crystals as a baseline design. There is work in progress to increase 
the crystal size to 1600 g for germanium and 1000 g for CaWO 4 , but 
already with the baseline option, at least 100 kg of target mass for both 
germanium and CaWO 4 can be produced per year. The detectors will 
be mounted in 12 towers, each with either 108 germanium detectors 
or 180 CaWO 4 detectors and a mix of up to 1040 kg of germanium and 
of up to 648 kg of CaWO 4 can be built as a target. Table 10 summarises 
the key numbers for the detectors and detector production. 
Table 10  
Key numbers for the EURECA detectors and detector production. Separation (or energy) 
threshold refers to the recoil energy above which the rate of undiscriminated gamma 
events falls below the target sensitivity. 

Sensitivity Requirements 
Separation threshold 10 keV or below 
Background 
suppression 10 5 or better 
Energy resolution for 
Ge detectors 650 eV (ionisation), < 1 keV (heat) 
Energy resolution for 
CaWO 4 detectors < 1 keV (light), 300 eV (heat) 

Readout 
Heat Charge / Light 

Ge detectors NTD sensors FID Al electrodes 
CaWO 4 detectors TES TES 

Detector Mass 
Baseline design Advanced design 

Ge detectors 800 g 1600 g 
CaWO 4 detectors 300 g 1000 g 

EURECA maximum capacity – baseline desig 
Target mass Number of detectors 

Ge detectors 1040 kg 1296 
CaWO 4 detectors 648 kg 2160 

Under the usual assumption of coherent WIMP scattering, one 
expects that the total scattering rate in CaWO 4 is dominated by inter- 
actions with the heavier tungsten nuclei. However, due to kinematics 
a heavier nucleus tends to receive a smaller recoil energy, and in a 
detector with a finite energy threshold the other constituents can also 
become relevant despite the coherence effect. For low WIMP masses 
up to about 12 GeV, the scattering off tungsten is completely be- 
low threshold, and oxygen and calcium recoils give the only possible 
signal. On the other hand, above WIMP masses of about 30 GeV, ger- 
manium and tungsten recoils completely dominate. When looking for 
possible WIMP interactions we therefore benefit from considering all 
nuclei from both materials in order to be sensitive to the largest pos- 
sible range of WIMP masses and to discriminate against a potential 
remaining neutron background. 

The two types of detectors are to be kept in separate towers, as 
the two detector types do not have the same geometry and the same 
readout scheme. CaWO 4 temperature sensors are low-impedance TES 
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to all materials and the setup will be flexible to host any of them. In 
the following text only CaWO 4 is mentioned, since presently it looks 
most promising as scintillating material. 

EURECA will be based on the detectors presently used by the two 
dark matter experiments EDELWEISS and CRESST. The detection is in 
both cases performed with low-temperature devices; however, there 
is a difference regarding the implementation of background rejection 
capability. The EDELWEISS detectors are made of germanium and are 
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target material is CaWO 4 . Here, the background rejection is achieved 
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A better control of background events from the surface is the way 
to further increase the sensitivity of both detector types, germanium 

and CaWO 4 . Besides the reduction of surface contamination, this can 
be achieved by the fully interdigitised (FID) detector design [ 24 , 36 ] in 
the case of germanium and by scintillating detector holder surfaces in 
the case of CaWO 4 . To produce a total target mass of up to 1000 kg we 
assume a mass of 800 g for germanium crystals and 300 g for CaWO 4 
crystals as a baseline design. There is work in progress to increase 
the crystal size to 1600 g for germanium and 1000 g for CaWO 4 , but 
already with the baseline option, at least 100 kg of target mass for both 
germanium and CaWO 4 can be produced per year. The detectors will 
be mounted in 12 towers, each with either 108 germanium detectors 
or 180 CaWO 4 detectors and a mix of up to 1040 kg of germanium and 
of up to 648 kg of CaWO 4 can be built as a target. Table 10 summarises 
the key numbers for the detectors and detector production. 
Table 10  
Key numbers for the EURECA detectors and detector production. Separation (or energy) 
threshold refers to the recoil energy above which the rate of undiscriminated gamma 
events falls below the target sensitivity. 
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Separation threshold 10 keV or below 
Background 
suppression 10 5 or better 
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Ge detectors 650 eV (ionisation), < 1 keV (heat) 
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CaWO 4 detectors < 1 keV (light), 300 eV (heat) 
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Heat Charge / Light 

Ge detectors NTD sensors FID Al electrodes 
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Detector Mass 
Baseline design Advanced design 

Ge detectors 800 g 1600 g 
CaWO 4 detectors 300 g 1000 g 

EURECA maximum capacity – baseline desig 
Target mass Number of detectors 

Ge detectors 1040 kg 1296 
CaWO 4 detectors 648 kg 2160 

Under the usual assumption of coherent WIMP scattering, one 
expects that the total scattering rate in CaWO 4 is dominated by inter- 
actions with the heavier tungsten nuclei. However, due to kinematics 
a heavier nucleus tends to receive a smaller recoil energy, and in a 
detector with a finite energy threshold the other constituents can also 
become relevant despite the coherence effect. For low WIMP masses 
up to about 12 GeV, the scattering off tungsten is completely be- 
low threshold, and oxygen and calcium recoils give the only possible 
signal. On the other hand, above WIMP masses of about 30 GeV, ger- 
manium and tungsten recoils completely dominate. When looking for 
possible WIMP interactions we therefore benefit from considering all 
nuclei from both materials in order to be sensitive to the largest pos- 
sible range of WIMP masses and to discriminate against a potential 
remaining neutron background. 

The two types of detectors are to be kept in separate towers, as 
the two detector types do not have the same geometry and the same 
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Superconducting metallic 
detectors: Zn crystals

• TC 850 mK 

• Single crystals of 
25-50 g 

• High Debye temp. -> 
low capacitance -> 
good energy 
resolution 

• Currently W TES (50 
mK transition and 
can be tested in an 
ADR), will eventually 
move to Mo/Au
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Metallic Superconductors as Detectors: 

Zinc crystals become superconducting below 850 mK.  If operating at 15 mK, this is well 
below Tc.  Implies that capacitance dominated by lattice contributions (scale as T3). 

High Debye temperature implies low capacitance. 

Target atomic number very similar to germanium. 

Energy breaks Cooper pairs; turning into either quasi-particles or phonons.

Why 
Superconducting 
Metals?

qp’s ɸ’s

Zn Absorber
Tc ~ 0.85 K
ϴD ~ 327 K

to TES sensor

ν ν
gold pad (+wire)

Si (or SiO2) insulating layer

6 SARAH HEINE

Figure 4. Schematic of a single crystal thermal readout. The current
design calls for the silicon detector chip to be epoxied directly to the crystal,
however in the future this chip may be moved to a separate location so that
the Zn crystals can be kept at a lower temperature than the TES requires.

of the TES using Superconducting Quantum Interference Devices (SQUIDs). The temper-
ature of the TES need not be held exactly at its transition. In fact, it is ideal to hold
the temperature of the TES below its transition and use a voltage bias to drive it into
the superconducting/normal transition. This allows stabilization of the TES temperature
through electrothermal feedback (as the temperature rises, the resistance does as well, low-
ering the current/thermal load on the TES and leading to cooling back to an equilibrium
state in the transition) [6].

SQUIDs are cryogenic devices made up of two parallel Josephson junctions in a super-
conducting loop [7]. When a SQUID is biased above a critical current level it becomes
resistive, causing a voltage drop to form across it. This voltage drop oscillates with in-
creasing magnetic flux, producing a sine-like signal that is nearly linear in between extrema.
Typically a feedback loop will be used to ‘lock’ the SQUID in this region. We are planning
on using a three-stage, multiplexed SQUID system to read out our roughly 100-200 detec-
tors. We will be basing the design of this SQUID system on the design of that used to read



CHOOZ

• 8.54 GW combined power

• both reactors on 60% of the time 

• 8 x 1010 𝛎 /cm2/s 

• CHOOZ near detector site 355 m and 469 m from the reactors  

• overburden 140 m.w.e. 

• No reactor neutron backgrounds 

• Infrastructure in place for experiments 

• Schedule aims for 2019�62



Signal Simulation
• 10 kg target  

• Ge and Zn 

• 100 eV threshold 

• 4.85 evts/day 

• lowering the threshold has 
immediate impact 

• Further studies show that 
there is a 95% chance of a 
5𝞼 detection after 3 years 
with 1 kg and 100 eV 
threshold and background 
of 5 evts/kg/day
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Ricochet at Chooz 6

Detector Rate (per kg per day)

Threshold Si Zn Ge Os

50 eV 0.32 0.66 0.76 1.25

100 eV 0.26 0.46 0.51 0.55

200 eV 0.19 0.25 0.26 0.14

Table 2. The predicted CE⌫NS event rate for various detector materials and recoil
threshold energies. Rates are calculated for a reactor power of 8.54 GW, a detector
distance of 400 m, and fission fractions 235U = 55.6%, 239Pu= 32.6%,241Pu = 7.1%,
and 238U = 4.7%. We assume an overall ±5% uncertainty on the predicted rate of
neutrino interactions.

Figure 1 shows the di↵erential rate for the predicted neutrino signal versus detected

recoil energy. By integrating above a certain threshold, we can determine the total event

rates (Table 2). For a 10-kg payload equally divided into Ge- and Zn based detectors,

we would expect ⇠ 4.85 events/day with a 100 eV recoil threshold and full reactor

power. This rate increases by almost 50% if the threshold drops to 50 eV, placing a

high premium on the detector threshold one can achieve.
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Figure 1. The di↵erential CE⌫NS rate and projected background rates versus
detector recoil energy. The internal backgrounds, such as tritium and 206Pb, are based
on observed rates as measured by the EDELWEISS-III experiment [24]

.

4. Background Estimates
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Detector Rate (per kg per day)

Threshold Si Zn Ge Os

50 eV 0.32 0.66 0.76 1.25

100 eV 0.26 0.46 0.51 0.55

200 eV 0.19 0.25 0.26 0.14

Table 2. The predicted CE⌫NS event rate for various detector materials and recoil
threshold energies. Rates are calculated for a reactor power of 8.54 GW, a detector
distance of 400 m, and fission fractions 235U = 55.6%, 239Pu= 32.6%,241Pu = 7.1%,
and 238U = 4.7%. We assume an overall ±5% uncertainty on the predicted rate of
neutrino interactions.

Figure 1 shows the di↵erential rate for the predicted neutrino signal versus detected

recoil energy. By integrating above a certain threshold, we can determine the total event

rates (Table 2). For a 10-kg payload equally divided into Ge- and Zn based detectors,

we would expect ⇠ 4.85 events/day with a 100 eV recoil threshold and full reactor

power. This rate increases by almost 50% if the threshold drops to 50 eV, placing a

high premium on the detector threshold one can achieve.
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Placement of the Ricochet experiment at the Chooz near reactor site –over 400 meters of

rock and soil separating the detector from the reactor cores– has the unique advantage in



Backgrounds: Internal
• EDELWEISS-III backgrounds 

applied to Ricochet 

• Requires radon-free 
air,copper etching  

• Red: gammas with 
cosmogenic activation lines, 
tritium beta decay 

• Blue: 210Pb betas (with 
uncertainty in extrapolation 
to low energies) 

• Green: 206Pb nuclear recoils 

• Not considered: cosmic 
activation of 65Zn
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and pose a more serious background source (see Figure 2). The initial neutron energy

spectrum is modelled to follow the parametrization as reported in [28], assuming a

generating muon energy of 32.1 GeV. The cosmogenic neutron spectra are propagated

through GEANT4-based simulations of both the Double Chooz near detector [31] and

the Ricochet-style detector. The number of events observed for the Double Chooz

simulation is normalised to the fast neutron rate as measured by the Double Chooz near

detector, thereby providing the equivalent run time of the simulation. Comprehensive

analyses utilising Gd-captures only [32] or Gd and H-captures [33] have been performed;

the most pessimistic scenario was retained. For the Ricochet-style detector, we assume

a cylindrical water shield with 3.25 meters of water bu↵ering the detector cryostat on

its side, and 2 meters of water shielding from the bottom. The estimated background

rate from fast neutrons is (2.3±2.3)⇥10�4 neutrons/kg/eV/day, leading to a total rate

of (0.3± 0.1) neutrons/kg/day for recoil energy depositions between 0.1 and 1 keV. An

additional check using the parametrization of Mei and Hime [27] produced a 95 percent

confidence level of a neutron background of less than 0.4 neutrons/kg/day in the same

region of interest.

4.2. Internal Radioactivity
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Figure 3. The di↵erential event rate of the internal backgrounds of a Ge detector
as observed by the EDELWEISS-III experiment [24]: gamma + tritium (red solid
line), beta (blue dotted line) and 206Pb(green dot-dashed line), in recoil energy. The
di↵erent beta lines indicate the spread in uncertainty due to the extrapolation of the
background to lower energies.

The internal backgrounds for the Ricochet experiment will be assumed to be similar



Backgrounds: External Neutrons

• Cosmogenic neutrons 
(fast) are primary worry 

• Normalized to the 
Double CHOOZ 
measure of ~3.4 per 
day 

• Upper limit of 1 per 
day, but with additional 
borated poly shielding 
expect this to come < .
1 per day
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4.1. External Neutrons
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Figure 2. The estimated cosmogenically activated (dashed line) and (↵, n) (solid line)
input neutron energy spectra at the near hall of the Chooz reactor complex, normalized
to unity. The (↵, n) spectra represents a volume source whose boundaries surround
the detector, while the cosmogenic spectrum represents a surface source surrounding
the detector area. The cosmogenic spectrum is taken from Ref. [24].

The (↵, n) background represents the neutrons created from the naturally occurring

uranium and thorium decay chains interacting with the various elements in the

surrounding cavern. These reactions tend to produce neutrons with kinetic energies

below 10 MeV. Combining existing measurements of the rock composition at the Chooz

site [25] and simulations of the U/Th decay spectra (using GEANT4 [26]), we are able

to model the neutron spectrum from (↵, n) reactions, which is expected to be below

10�7 events/eV/kg/day, well below other contributions.

A similar procedure is used to assess the neutron background due to cosmogenic

activity surrounding the Chooz cavern. Neutrons from cosmogenic activation tend to

possess much higher energies (limit closer to  100 GeV), and pose a more serious

background source (see Figure 2). The initial neutron energy spectrum is assumed

to follow the shape outlined in Mei and Hime [24]. Both the (↵, n) and cosmogenic

neutron spectra are propagated through a GEANT4 simulation of both the Chooz

detector [27] and a future Ricochet experiment. The Double Chooz measured neutron

rate of 3.42±0.23 day�1 (captured in Gd-target volume with minimal analysis cuts and

with a reconstructed energy between 0.5 and 20.0 MeV) at the near hall serves as a

normalization constraint to the simulation [28]. The equivalent background rate from

this source for a Ricochet-style detector utilizing the preexisting Double Chooz water

shielding as a veto system is projected to be (1.1 ± 0.1) ⇥ 10�4 neutrons/kg/eV/day,



Background Table

• 10 kg (Ge +Zn) 

• ROI 0.1-1 keV
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cosmogenic activation of 65Zn (⌧1/2 = 243 days), which has both a �-decay channel as

well as a low energy meta-stable state (65mZn, with emission at 53 keV).

Of note, the isotopes of 64Zn, 70Zn, and 76Ge undergo ��-decay, but due to the

large lower bounds on their half lives calculated in [33, 34] and large endpoint energies

on the order of 1 MeV, we will detect less than 0.01 events/kg/day in our region of

interest.

Table 3. A summary of correlated and uncorrelated backgrounds to reactor power
on a 5 kg Ge + 5 kg Zn recoil detector located at the Chooz near site underground
hall. The region of interest (ROI) is defined between 100 eV and 1 keV. The tritium
estimate† on di↵erential rate includes only beta-spectrum contribution, while total rate
estimate also includes � line contributions as well.

Background Source Rate Total Rate in ROI

(kg�1day�1eV�1) (events/day)

Uncorrelated Rate

Fast Neutrons (1.1± 0.1)⇥ 10�4 1.0± 0.1

(↵, n) < 1.1⇥ 10�5 < 0.1

� decays from 210Pb (9.8± 0.3)⇥ 10�4 8.8± 2.8
3H† (2.8± 0.8)⇥ 10�4 3.7± 1.0
206Pb (2.2± 1.0)⇥ 10�5 0.2± 0.1
70Zn���� (3.9± 7.0)⇥ 10�5 < 0.1
64Zn�+�+ (1.3± 3.9)⇥ 10�6 < 0.1
76Ge���� (4.0± 0.3)⇥ 10�8 < 0.1

Total Uncorrelated Rate 13.7± 3.0

Correlated Flux Rate

CE⌫NS 4.85

⌫̄ee�-scattering 0.15

Total Correlated Rate 5.00± 0.25

4.3. Neutrino-Induced Background

As the extracted CE⌫NS rate would be determined from its correlation with the

reactor power, a rate-based analysis would not be able to discern between coherent

and incoherent interaction channels. The rate from ⌫̄e + e� elastic scattering can be

readily calculated, and is expected to yield ⇠ 0.015 events/kg/day, a mere 3% of the

total neutrino signal. Charged current interactions of ⌫̄e on zinc and germanium isotopes

are limited because their thresholds are typically several MeV, and are expected to yield

⇠ 0.004 events/kg/day in Zn and ⇠ 0.001 events/kg/day in Ge.



Science Reach

• Compare rate only 
(detector on/off) with 
rate+ shape 

• No time dependence for 
backgrounds 

• Except tritium, 
backgrounds are 
simulated as flat (but 
analysis allows for 
exponential 
backgrounds 
component)
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Table 4. Estimated sensitivity of the proposed detector to a CEvNS signal, for several
possible background rates, run times, and reactor power conditions. Sensitivity is
defined as the expected 1� uncertainty on the signal rate divided by the signal rate.
The input signal rate is assumed to be ⇠ 5 events per day at full reactor power.

Background Run Sensitivity Sensitivity Sensitivity Sensitivity

Time (Rate Only, (Rate Only, (Rate Only, (Rate +

(events/day in ROI) (years) 80% Full) 60% Full) 58% Full, Shape,

2% O↵) 60% Full)

15 1 22% 20% 17% 10%

15 5 9% 7% 7% 5%

36 1 31% 26% 22% 16%

36 5 10% 10% 10% 6%

50 1 34% 27% 25% 19%

50 5 12% 11% 11% 8%
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Figure 4. The 90% C.L. limit extracted in the case of zero input signal using a rate
only (solid) and rate+shape (dashed) analyses. The reactor is modeled at full power
60% of the time and half power for 40%. The extracted limits are well below the
expected 5 events/day expected from the Ricochet 10 kg target, assuming a 100 eV
recoil energy threshold.



Hardware Updates
• Zn crystals grown by RMD 

in Massachusetts 

• Zn crystals with NTDs 
running in France 

• operated down to 12 mK 

• Cryoconcepts dilution 
refrigerator ‘Desperaux’ 
commissioned at MIT 

• Northwestern designing and 
fabricating TES chips 
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R&D, Funding & Timeline

Dilution Refrigerator:  

• MIT currently has R&D funding from the Heising-Simons 
Foundation. This pays for the dilution refrigerator + 
personnel and some detector work. 

Detectors (Zn Crystals):  

• Working with RMD (Watertown, MA) for development of 
low background, high purity Zn crystals.  Northwestern 
working on TES chips. 

• Working with Lincoln Labs to fabricate SQUIDs.  Small 
research grant submitted to LL for approval.  

Operations:  

• Could perform a run at MITR to determine recoil 
discrimination and ability to extract reactor ON/OFF data. 

• Timeline for entering Chooz (~2019). 

• Gives time to approach funding agencies in US, Germany 
and France for support (NSF, DOE).

THE RICOCHET COHERENT NEUTRINO SCATTERING EXPERIMENT 3

Figure 2. The Cryoconcepts dilution refrigerator with dual-frame vibra-
tion isolation for the Ricochet experiment. Delivery of the fridge to MIT
for commissioning is expected in late February 2017

space requirement is not terribly large compared to the space required for the fridge and
its pumps so it is not anticipated to be a problem.

2.4. Safety. There are relatively few safety concerns for a cryogen-free system like the
dilution refrigerator we plan to use for Ricochet. The system will be securely mounted
as described in Section 2.2. We will need a small amount of liquid nitrogen (LN2) for
the cold trap of the dilution refrigerator. LN2 is extremely safe when used carefully. It
should be transferred using vacuum transfer lines to reduce spraying cryogens and cold
equipment, and personal protective equipment (PPE) like cryogenic gloves, closed shoes
and long pants and sleeves should be utilized while handling the nitrogen. Also, in a space
where any reasonably large amount (such as a standard 240 liter dewar) of cryogen is
stored, an oxygen alarm should be installed in the room to notify personnel in the event
of a cryogen leak that could displace oxygen in a contained space and prove hazardous.

The only other safety concerns for the experiment are standard to any lab environment:
eliminating/labeling trip hazards, proper use and disposal of any chemicals used (likely
just isopropyl alcohol, acetone, and deionized water that will be used for cleaning parts
before they’re installed in the dewar), and caution used when moving large parts of the ex-
periments like pumps. Grounding will also be assured properly throughout the experiment

Activities@MIT

New dilution fridge from 
Cryoconcepts installed at MIT 
(thanks to the Heising-Simons 
Foundation). 

Will test metallic 
superconductors here at MIT.  
Especially constructed to have 
intrinsic low-vibration on cold 
stage. 

Preparatory work for eventual 
installation at the Chooz nuclear 
reactor.

Our new fridge, Desperaux!
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personnel and some detector work. 
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low background, high purity Zn crystals.  Northwestern 
working on TES chips. 
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space requirement is not terribly large compared to the space required for the fridge and
its pumps so it is not anticipated to be a problem.

2.4. Safety. There are relatively few safety concerns for a cryogen-free system like the
dilution refrigerator we plan to use for Ricochet. The system will be securely mounted
as described in Section 2.2. We will need a small amount of liquid nitrogen (LN2) for
the cold trap of the dilution refrigerator. LN2 is extremely safe when used carefully. It
should be transferred using vacuum transfer lines to reduce spraying cryogens and cold
equipment, and personal protective equipment (PPE) like cryogenic gloves, closed shoes
and long pants and sleeves should be utilized while handling the nitrogen. Also, in a space
where any reasonably large amount (such as a standard 240 liter dewar) of cryogen is
stored, an oxygen alarm should be installed in the room to notify personnel in the event
of a cryogen leak that could displace oxygen in a contained space and prove hazardous.

The only other safety concerns for the experiment are standard to any lab environment:
eliminating/labeling trip hazards, proper use and disposal of any chemicals used (likely
just isopropyl alcohol, acetone, and deionized water that will be used for cleaning parts
before they’re installed in the dewar), and caution used when moving large parts of the ex-
periments like pumps. Grounding will also be assured properly throughout the experiment



Ricochet’s Strengths
• International collaboration leveraging experience from 

other experiments 

• Background mitigation 

• Multiple targets/technologies 

• CHOOZ site has overburden and water tank shielding, 
and no reactor operation correlated neutrons 

• Pushing detector technology for other low energy recoil 
purposes: dark matter/dark forces
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Signature move: 
Pulverizing Pinball



IdeaLZ: Dark Matter 
Searches in the Era of LZ

Kimberly J. Palladino 
3/19/19



Me, in brief
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Assistant Professor of Physics since 
2015, arrived in Madison summer 2016


 Mom of Adam, almost 2


Originally from all over the East Coast 
(MA to VA)


I like the cold  & have lived/worked in 
Anchorage, AK, McMurdo Antarctica, and 
Sudbury, Canada



Streetlamps
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What would a signal look like in LZ?
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40 GeV WIMP

 arXiv:1802.0603



LZ simulated efficiency

�74  arXiv:1802.06039



Direct Detection  
Coming of Age

• Mature computing framework and simulations 

• Including evaluation of simulation tools 

• Benchmarking fundamentals 

• Reflectivity, scattering and absorption lengths 

• Developing designs and procedures 

• Cleanliness, materials handling 

• Detector reliability and automation 

• Likelihood analyses 

• Full operator treatment of interactions
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