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First evidence of dark matter came from the Coma Cluster (Fritz 
Zwicky, 1933)

Coma Cluster, 0.3 billion light years away
400 times 
invisible matter 
compared to the 
visible matter!



Dark matter evidence from the Galactic rotational curves (Vera 
Rubin, 1976)

https://youtu.be/sI23cwbbNqs

https://youtu.be/sI23cwbbNqs


measure dark matter with 
“gravitational lensing” effect.



“Bullet clusters”colliding with each other and separating the 
dark matter and normal matter parts.

normal matter

dark matter







The Milky Way Surrounded by a Dark Matter Halo



What we know about normal matter? 

暗物质晕



• Known through gravitational effect, 
but no EM interactions

• Any interaction with normal matter 
besides gravity?

• Baryonic dark matter (brown dwarfs, 
black holes etc.)

• Non-baryonic dark matter (BSM of 
particle physics)

What is Dark Matter?

non-baryonic dark matter candidates

H. Baer et al., Phys.Rept. 555 (2015) 1-60



Is dark matter the Weakly Interacting Massive Particle (WIMP) from the 
Beyond Standard Model physics, such as Supersymmetry?



Indirect detection: detect the 
annihilation/decay products

Direct detection: via 
collisions with standard 
model particles

DM DM

SM SM
?

DM SM

DM SM
?

Produce dark matter : using 
high energy colliders

SM DM

SM DM
?

Three ways to probe the nature of dark matter

LHC



Detect Dark Matter in Our Galaxy

direct detection indirect detection



Detect DM via Scattering



Detect DM via Scattering

smaller cross-section, lower detectability



• WIMP mass: GeV~100TeV 

• local WIMP density: 0.3 GeV/cm3 

• Isothermal Maxwellian velocity 
distribution with  v0~220 km/s 

• WIMP escape velocity ~544 km/s 

• Local circular velocity ~230 km/s 

• Standard assumption: elastic 
scattering with target nucleus, 
coupling to mass (SI) or spin (SD)

Direct Detection of Dark Matter: Basic Facts
WIMPs

N

~1000,000 particles/cm2/sec

<1 detection/100-kg/year
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The ‘spherical cow’ galactic model 
• DM halo is 3-dimensional, stationary, with no lumps 

• Isothermal sphere with density profile U ן r оϮ 
• Local density U0 ~ 0.3 GeV/cm3 (~1/pint for 100 GeV WIMPs) 

Maxwellian (truncated) velocity distribution, f(v) 
ͻ Characteristic velocity v0=220 km/s 

ͻ Escape velocity vesc=544 km/s 

ͻ Earth velocity vE=230 km/s 
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Figure 11. Background sources and shielding in a typical direct detection experiment

neutrinos form a fundamental lower bound on the cross section for background-free WIMP detection [43].
Next generation experiments will have sensitivity within an order of magnitude of the neutrino signal for
most of the mass range, and will actually detect the 8B solar neutrino signal.

Finally, another method to deal with backgrounds is to exploit the fact that the Earth is moving through the
dark matter that surrounds our galaxy, yielding a “WIMP wind” that appears to come from the constellation
Cygnus. This should, in principle, create a small “annual modulation” in the detected WIMP rates, as well
as a somewhat larger daily modulation, as shown in Fig. 12. However, if such e↵ects were detected in an

Figure 12. Schematic of the possible sources of annual modulation (left) and daily modulation (right)
e↵ects if WIMPs are detected in direct detection experiments

experiment, there would still have to be a convincing demonstration that there are no such modulations in
background sources.

Community Planning Study: Snowmass 2013
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avoid cosmic rays

go deep underground

avoid natural radiation

use ultra-pure materials

Challenge#1: how to achieve ultra-low background



To see all the details that are visible on the screen, use the "Print" link next to the map.

©2010 Google - Imagery ©2010 TerraMetrics, NASA -

 !"#

Updated Nov 27, 2008

 RSS   View in Google Earth   Print   Send   Link

Gran Sasso
CRESST
DAMA/
LIBRA
WARP
XENON
DarkSide

SNOLAB
DEAP/
CLEAN

PICASSO

Kamioka
XMASS
NEWAGE

Yangyang
KIMS

Soudan
CDMS
CoGeNT

Homestake
LUX

Boulby
ZEPLIN
DRIFT

Frejus/
Modane

EDELWEISS

Fermilab
COUPP

CJPL
CDEX

PANDAX

MIT
DMTPC

Canfranc
ArDM

More than 20 experiments world-wide are searching for DM 
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The muon induced background is greatly reduced by going 
to a deep underground laboratory.
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Experiments detect charge, light or phonon (heat) from the 
recoil nucleus produced by DM collision.

eilam gross, Eilat, April 2011

Electronic Recoils e/!

 The most common background 
(gamma and beta decays)

Careful material selection, 
shielding (Pb,Cu,Xe,water)

 Scintillate and ionize more 
(for a given energy)

Nuclear Recoils

WIMPs (and Neutrons) 
interact via a Nuclear recoil

Neutrons are therefore the 
most dangerous source of 
background, they come from 
rocks (use shields) or muons 
induced (go deep underground)
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WIMPs/Neutrons.

nuclear.recoil.

electron.recoil.

Gammas.

Two-phase xenon for dark matter searches
The most sensitive technology



• Sensitive to both heavy and light dark matter 

• Sensitive to both Spin-independent and Spin-dependent (Xe129, Xe131) 

• Sensitive to both nuclear recoils and electron recoils 

• Ultra-low background with self-shielding, 3D fiducialization, ER/NR 
discrimination  

• Ultra-pure Xe target: sub-ppb (O2 etc.) and sub-ppt (Kr) contamination 

• Multi-ton target achievable: with reasonable cost ($1~2M/ton) and 
relative simpler cryogenics (165K)

Merits of Two-Phase Xenon for Dark Matter Searches

Scientifically Attractive

Technically Achievable



Evolution of the experimentally probed WIMP-
nucleon cross section

• Sensitivity at WIMP masses above ~ 6 GeV/c2 is clearly dominated by noble liquid (Xe) 
time projection chambers

Update from  Physics of the Dark Universe 1, 94 (2012)

~1 event kg-1yr-1~1 event kg-1d-1

LUX

DARWIN
LZ

XENONnT

XENON100

XENON1T

SuperCDMS/EURECA

Liquid xenon detectors pushing the sensitivity of dark 
matter direct detection.

PandaX /

one order of magnitude 
improvement every 3 years!



XENON100 (2012): 2x10-45 cm2 at 55 GeV (SI) with 34 kg x 225 days  
(PRL, 2012) 

Antonio J. Melgarejo (Columbia University) IDM, Chicago, July 23rd 2012

The XENON Roadmap

2005-2007
PRL100
PRL101
PRL 107
PRD 80
NIM A 601

XENON10 XENON100 XENON1T

2008-2013
first results: 
PRL105, PRL107, PRD84 
More to come soon

2012-2017
Projected sensitivity
2x10-47cm2 

! 5% for all WIMP masses for the background-only hy-
pothesis, indicating that there is no excess due to a dark
matter signal. The probability that the expected background
in the benchmark region fluctuates to two events is 26.4%
and confirms this conclusion.

A 90% confidence level exclusion limit for spin-
independent WIMP-nucleon cross sections !" is calcu-

lated, assuming an isothermal WIMP halo with a local
density of #" ¼ 0:3 GeV=cm3, a local circular velocity

of v0 ¼ 220 km=s, and a Galactic escape velocity of
vesc ¼ 544 km=s [17]. Systematic uncertainties in the
energy scale as described by the Leff parametrization of
Ref. [6] and in the background expectation are profiled
out and represented in the limit. Poisson fluctuations in
the number of PEs dominate the S1 energy resolution and
are also taken into account along with the single PE
resolution. The expected sensitivity of this data set in the
absence of any signal is shown by the green (yellow)
[1! (2!)] band in Fig. 3. The new limit is represented by
the thick blue line. It excludes a large fraction of previously
unexplored parameter space, including regions preferred
by scans of the constrained supersymmetric parameter
space [18].

The new XENON100 data provide the most stringent
limit for m" > 8 GeV=c2 with a minimum of ! ¼ 2:0#
10$45 cm2 at m" ¼ 55 GeV=c2. The maximum gap analy-

sis uses an acceptance-corrected exposure of 2323:7 kg#
days (weighted with the spectrum of a 100 GeV=c2

WIMP) and yields a result which agrees with the result of
Fig. 3 within the known systematic differences. The new
XENON100 result continues to challenge the interpretation
of the DAMA [19], CoGeNT [20], and CRESST-II [21]
results as being due to scalar WIMP-nucleon interactions.
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of Science, and the friends of Weizmann Institute in mem-
ory of Richard Kronstein. We are grateful to LNGS for
hosting and supporting XENON.
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FIG. 3 (color online). Result on spin-independent WIMP-
nucleon scattering from XENON100: The expected sensitivity
of this run is shown by the dark (green) and light (yellow) band
[1! (2!)] and the resulting exclusion limit (90% C.L.) by the
solid blue line. For comparison, other experimental limits
(90% C.L.) and detection claims (2!) are also shown [19–22],
together with the regions (1!=2!) preferred by supersymmetric
models [18].
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30 cm

The fiducial volume used in this analysis contains 34 kg
of LXe. The volume was determined before the unblinding
by maximizing the dark matter sensitivity of the data given
the accessible ER background above the blinding cut. The
ellipsoidal shape was optimized on ER calibration data,
also taking into account event leakage into the signal re-
gion. A benchmark WIMP search region to quantify the
background expectation and to be used for the maximum
gap analysis was defined from 6:6–30:5 keVnr (3–20 PE) in
energy, by an upper 99.75% ER rejection line in the dis-
crimination parameter space, and by the lines correspond-
ing to S2> 150 PE and a lower line at !97% acceptance
from neutron calibration data (see lines in Fig. 2, top).

Both NR and ER interactions contribute to the expected
background for the WIMP search. The first is determined
from Monte Carlo simulations, by using the measured
intrinsic radioactive contamination of all detector and
shield materials [8] to calculate the neutron background
from ð!; nÞ and spontaneous fission reactions, as well as
from muons, taking into account the muon energy and
angular dependence at LNGS. The expectation from these
neutron sources is (0:17þ0:12

%0:07 ) events for the given expo-
sure and NR acceptance in the benchmark region. About
70% of the neutron background is muon-induced.

ER background events originate from radioactivity of
the detector components and from " and # activity of
intrinsic radioactivity in the LXe target, such as 222Rn and
85Kr. The latter background is most critical, since it cannot
be reduced by fiducialization. Hence, for the dark matter
search reported here, a major effort was made to reduce the
85Kr contamination, which affected the sensitivity of the
previous search [6]. To estimate the total ER background
from all sources, the 60Co and 232Th calibration data are
used, with>35 times more statistics in the relevant energy
range than in the dark matter data. The calibration data are
scaled to the dark matter exposure by normalizing it to the
number of events seen above the blinding cut in the energy
region of interest. The majority of ER background events
is Gaussian distributed in the discrimination parameter
space, with a few events leaking anomalously into the NR
band. These anomalous events can be due to double scat-
ters with one energy deposition inside the TPC and another
one in a charge insensitive region, such that the prompt S1
signal from the two scatters is combined with only one
charge signal S2. Following the observed distribution in
the calibration data, the anomalous leakage events were
parametrized by a constant (exponential) function in the
discrimination parameter (S1 space). The ER background
estimate including Gaussian and anomalous events is
(0:79& 0:16) in the benchmark region, leading to a total
background expectation of (1:0& 0:2) events.

The background model used in the PL analysis employs
the same assumptions and input spectra from MC and
calibration data. Its validity has been confirmed prior to
unblinding on the high-energy sideband and on the vetoed
data from 6:6–43:3 keVnr.

After unblinding, two events were observed in the bench-
mark WIMP search region; see Fig. 2. With energies of 7.1
(3.3) and 7:8 keVnr (3.8 PE), both fall into the lowest PE bin
used for this analysis. The waveforms for both events are of
high quality, and their S2=S1 value is at the lower edge of
the NR band from neutron calibration. There are no leakage
events below 3 PE. The PL analysis yields a p value of
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FIG. 2 (color online). (Top) Event distribution in the discrimi-
nation parameter space log10ðS2b=S1Þ, flattened by subtracting
the distribution’s mean, as observed after unblinding using all
analysis cuts and a 34 kg fiducial volume (black squares). A lower
analysis threshold of 6:6 keVnr (NR equivalent energy scale) is
employed. The PL analysis uses an upper energy threshold of
43:3 keVnr (3–30 PE), and the benchmark WIMP search region is
limited to 30:5 keVnr (3–20 PE). The negligible impact of the
S2> 150 PE threshold cut is indicated by the dashed-dotted blue
line, and the signal region is restricted by a lower border running
along the 97% NR quantile. An additional hard S2b=S1 discrimi-
nation cut at 99.75% ER rejection defines the benchmark WIMP
search region from above (dotted green line) but is only used to
cross-check the PL inference. The histogram in red and gray
indicates the NR band from the neutron calibration. Two events
fall into the benchmark region where (1:0& 0:2) are expected
from background. (Bottom) Spatial event distribution inside the
TPC using a 6:6–43:3 keVnr energy window. The 34 kg fiducial
volume is indicated by the red dashed line. Gray points are above
the 99.75% rejection line, and black circles fall below.
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LUX (2013-2015): 6.0x10-46 cm2 at 33 GeV with 118 kg x 85 days 
(arXiv:1512.03506, PRL) 

48 cm

5

TABLE I. Predicted background rates in the fiducial volume
(0.9–5.3 keVee) [31]. We show contributions from the �-
rays of detector components (including those cosmogenically
activated), the time-weighted contribution of activated
xenon, 222Rn (best estimate 0.2 mDRUee from 222Rn chain
measurements) and 85Kr. The errors shown are both
from simulation statistics and those derived from the rate
measurements of time-dependent backgrounds. 1 mDRUee is
10�3 events/keVee/kg/day.

Source Background rate, mDRUee

�-rays 1.8± 0.2stat ± 0.3sys
127Xe 0.5± 0.02stat ± 0.1sys
214Pb 0.11–0.22 (90% C. L.)
85Kr 0.13± 0.07sys

Total predicted 2.6± 0.2stat ± 0.4sys
Total observed 3.6± 0.3stat

distribution [31], and the expectations based on the
screening results and the independent assay of the
natural Kr concentration of 3.5 ± 1 ppt (g/g) in the
xenon gas [36] where we assume an isotopic abundance
of 85Kr/natKr ⇠ 2 ⇥ 10�11 [31, 34]. Isotopes created
through cosmogenic production were also considered,
including measured levels of 60Co in Cu components.
In situ measurements determined additional intrinsic
background levels in xenon from 214Pb (from the 222Rn
decay chain) [32], and cosmogenically-produced 127Xe
(T

1/2 = 36.4 days), 129mXe (T
1/2 = 8.9 days), and

131mXe (T
1/2 = 11.9 days). The rate from 127Xe in the

WIMP search energy window is estimated to decay from
0.87 mDRU

ee

at the start of the WIMP search dataset
to 0.28 mDRU

ee

at the end, with late-time background
measurements being consistent with those originating
primarily from the long-lived radioisotopes.

The neutron background in LUX is predicted from
detailed detector BG simulations to produce 0.06 single
scatters with S1 between 2 and 30 phe in the 85.3 live-
day dataset. This was considered too low to include in
the PLR. The value was constrained by multiple-scatter
analysis in the data, with a conservative 90% upper C.L.
placed on the number of expected neutron single scatters
of 0.37 events.

We observed 160 events between 2 and 30 phe (S1)
within the fiducial volume in 85.3 live-days of search
data (shown in Fig. 4), with all observed events being
consistent with the predicted background of electron
recoils. The average discrimination (with 50% NR
acceptance) for S1 from 2-30 phe is 99.6 ± 0.1%, hence
0.64 ± 0.16 events from ER leakage are expected below
the NR mean, for the search dataset. The spatial
distribution of the events matches that expected from the
ER backgrounds in full detector simulations. We select
the upper bound of 30 phe (S1) for the signal estimation
analysis to avoid additional background from the 5 keV

ee

x-ray from 127Xe.
Confidence intervals on the spin-independent WIMP-

nucleon cross section are set using a profile likelihood
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FIG. 4. The LUX WIMP signal region. Events in the
118 kg fiducial volume during the 85.3 live-day exposure are
shown. Lines as shown in Fig. 3, with vertical dashed cyan
lines showing the 2-30 phe range used for the signal estimation
analysis.

ratio (PLR) test statistic [37], exploiting the separation
of signal and background distributions in four physical
quantities: radius, depth, light (S1), and charge (S2).
The fit is made over the parameter of interest plus
three Gaussian-constrained nuisance parameters which
encode uncertainty in the rates of 127Xe, �-rays from
internal components and the combination of 214Pb and
85Kr. The distributions, in the observed quantities, of
the four model components are as described above and
do not vary in the fit: with the non-uniform spatial
distributions of �-ray backgrounds and x-ray lines from
127Xe obtained from energy-deposition simulations [31].
The PLR operates within the fiducial region but the
spatial background models were validated using data
from outside the fiducial volume.

The energy spectrum of WIMP-nucleus recoils is
modeled using a standard isothermal Maxwellian velocity
distribution [38], with v

0

= 220 km/s; v
esc

= 544 km/s;
⇢

0

= 0.3 GeV/cm3; average Earth velocity of 245 km s�1,
and Helm form factor [39, 40]. We conservatively
model no signal below 3.0 keV

nr

(the lowest energy for
which a direct light yield measurement exists [30, 41],
whereas indirect evidence of charge yield exists down
to 1 keV

nr

[42]). We do not profile the uncertainties
in NR yield, assuming a model which provides excellent
agreement with LUX data (Fig. 1 and Fig. 6), in addition
to being conservative compared to past works [23]. We
also do not account for uncertainties in astrophysical
parameters, which are beyond the scope of this work (but
are discussed in [43]). Signal models in S1 and S2 are
obtained for each WIMP mass from full simulations.

The observed PLR for zero signal is entirely consistent
with its simulated distribution, giving a p-value for the
background-only hypothesis of 0.35. The 90% C. L.
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black; those at 18–20 cm are gray. Distributions of uniform-
in-energy electron recoils (blue) and an example 50 GeV c�2

WIMP signal (red) are indicated by 50th (solid), 10th, and
90th (dashed) percentiles of S2 at given S1. Gray lines, with
ER scale of keVee at top and Lindhard-model NR scale of
keVnr at bottom, are contours of the linear combined S1-
and-S2 energy estimator [19].

by 210Po plated on the wall. The leakage of wall events
towards smaller r depends strongly, via position reso-
lution, on S2 size. The wall population in the fiducial
volume thus appears close to the S2 threshold, largely
below the signal population in S2 at given S1. It is mod-
eled empirically using high-r and low-S2 sidebands in the
search data [33].

Systematic uncertainties in background rates are
treated via nuisance parameters in the likelihood: their
constraints are listed with other fit parameters in Table I.
S1, S2, z and r are each useful discriminants against back-
grounds and cross sections are tested via the likelihood
of the search events in these four observables.

Search data were acquired between April 24th and
September 1st, 2013. Two classes of cuts based on pre-
vailing detector conditions assure well-measured events in
both low-energy calibration and WIMP-search samples.
Firstly, data taken during excursions in macroscopic de-
tector properties, such as xenon circulation outages or
instability of applied high voltage, are removed, consti-
tuting 0.8% of gross livetime. Secondly, an upper thresh-
old is imposed on summed pulse area during the event
window but outside S1 and S2. It removes triggers dur-
ing the aftermath of photoionization and delayed elec-
tron emission following large S2s. The threshold is set
for >99% tritium acceptance and removes 1% of gross
livetime [34]. We report on 95.0 live days. Fig. 2 shows
the measured light and charge of the 591 surviving events
in the fiducial volume.

A double-sided, profile-likelihood-ratio (PLR) statis-
tic [41] is employed to test signal hypotheses. For each
WIMP mass we scan over cross section to construct a
90% confidence interval, with test statistic distributions
evaluated by MC using the RooStats package [42]. At all
masses, the maximum-likelihood value of �n is found to

be zero. The background-only model gives a good fit to
the data, with KS test p-values of 0.05, 0.07, 0.34, and
0.64 for the projected distributions in S1, S2, r, and z

respectively. Upper limits on cross section are shown in
Fig. 3. The raw PLR result lies between one and two
Gaussian � below the expected limit from background
trials. We apply a power constraint [43] at the median
so as not to exclude cross sections for which sensitiv-
ity is low through chance background fluctuation. We
include systematic uncertainties in the nuclear recoil re-
sponse in the PLR, which has a modest e↵ect on the limit
with respect to assuming the best-fit model exactly: less
than 20% at all masses. Limits calculated with the alter-
nate, Bezrukov parametrization would be 0.48, 1.02, and
1.05 times the reported ones at 4, 33, and 1000 GeV c

�2,
respectively. Uncertainties in the assumed dark matter
halo are beyond the scope of this letter but are reviewed
in, e.g., [44].

In conclusion, we have improved the WIMP sensitivity
of the 2013 LUX search data, excluding new parameter
space. The lowered analysis thresholds and signal model
energy cut-o↵, added exposure, and improved resolution
of light and charge over the first LUX result yield a 23%
reduction in cross-section limit at high WIMP masses.
Reach is significantly extended at low mass where the
cut-o↵ has most e↵ect on the predicted event rate: the
minimum kinematically-accessible mass is reduced from
5.2 to 3.3 GeV c

�2. These techniques further enhance
the prospects for discovery in the ongoing 300-day LUX
search and the future LUX-ZEPLIN [45] experiment.
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FIG. 3. Upper limits on the spin-independent elastic WIMP-
nucleon cross section at 90% CL. Observed limit in black,
with the 1- and 2-� ranges of background-only trials shaded
green and yellow. Also shown are limits from the first LUX
analysis [6] (gray), SuperCDMS [35] (green), CDMSlite [36]
(light blue), XENON100 [37] (red), DarkSide-50 [38] (orange),
and PandaX [39] (purple). The expected spectrum of coherent
neutrino-nucleus scattering by 8B solar neutrinos can be fit
by a WIMP model as in [40], plotted here as a black dot.



LUX (2016): final limit 2.2x10-46 cm2 at 50 GeV with 100 kg x 
332 live-days (arXiv:1608.07648) 

48 cm



PandaX-II in China - first dark matter search result (2016): 
no WIMPs in 367 kg x 99 live-days

Phys. Rev. Lett. 117, 121303 (2016) 

❖ 2.5 x 10-46 cm2  at 40 GeV/c2

❖ keep running now

367 kg

no WIMPs



The next biggest detector XENON1T is coming online at 
Gran Sasso Underground Laboratory, Italy

Location/Cost: LNGS - Hall B. TDR submitted to LNGS in Fall 2010. US 
groups proposal submitted to the NSF in Fall 2011. Approved by NSF in FY12. 
Capital cost ~20M$ (50% from non-US groups)  

 Detector: 1m- drift dual-phase TPC with 3.3 t LXe viewed by 250 3-inch PMTs 
. Cryostat/Cryogenics built with the idea to upgrade detector by 2018:  replace 
TPC  with  one of larger  sensitive mass (7 tons of Xe) using larger diameter 
PMT arrays (~400 PMTs) but same drift length. 

Shield: 10 m diameter water tank instrumented as Cherenkov muon veto.  

Background goal:100 x lower than XENON100, ~5 x 10-2 events/(t-d-keV) 

Status: commissioning of all cryogenic plants under way. Detector installation 
by end of Summer. Start  first science run  within 2015.   

Projected Sensitivity: 10-47 cm2 for 50 GeV WIMP with 2 ton x yr data   (10-48 
cm2 for XENONnT)

XENON1T /nT: in a nutshell

2005 2009 2015 2018+ 

25 kg 161 kg 3300 kg ~7000 kg 

Time 

Target mass 

WIMP-nucleon cross section [cm2] 

XENON10 XENON100 XENON1T XENONnT 

Time 

<8.8 × 10-44 <2 × 10-45 ~<2 × 10-47 ~<2 × 10-48 

Timeline&of&the&XENON&Program&

August&5,&2015& Patrick&de&Perio&@&DPF2015:&XENON&Enlightening&the&Dark& 4&

XENON1T 
3.3-ton 

1 m TPC  
(2012-2018)

XENONnT: 2018 - 2022
XENONnT will be serviced by the same infrastructures and sub-systems developed 
for XENON1T: 

Patrick Decowski - Nikhef/UvA

XENON1T
1.1m

XENON1T
1.4m

XENONnT

Double amount of LXe (~7 tons), ~double # PMTs
Design XENON1T with as much reuse as possible
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• Water tank + muon veto 

• Outer cryostat and support 
structure 

• Cryogenics  system 

• Purification system  (with 
new circulation pumps for 
lower Rn)  

• LXe storage /recovery 
system 

• Kr/Rn columns 

n

XENONnT 
7-ton 

1.4 m TPC  
(2018-2022)



The XENON Collaboration 
10 countries 

21 institutions 
130 scientists 



XENON1T: the largest running dark matter detector



XENON1T/nT Xenon Handling Systems
Built and Commissioned for
XENON1T and XENONnT



XENON1T/nT Xenon Handling Systems

Built and Commissioned for
XENON1T and XENONnT



XENON1T/nT Xenon Handling Systems
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XENON1T/nT Xenon Handling Systems

Built and Commissioned for
XENON1T and XENONnT



The XENON1T Family Tree

Total: 25 kg
Target:14 kg
Fiducial: 5.4 kg
Limit: ~10-43

Total: 162 kg
Target: 62 kg
Fiducial: 34/48 kg
Limit: ~10-45

Total: 3.5 ton
Target: 2 ton
Fiducial: 1 ton
Limit: ~10-47

Total: 7.5 ton
Target: 6 ton
Fiducial: 4.5 ton
Limit: ~10-48

Total: 50 ton
Target: 40 ton
Fiducial:  30 ton
Limit: ~10-49

5

XENON1T located in 
Hall B at LNGS, Gran 
Sasso, Italy

2005 2010 2015 2020 2025

XENON10 XENON100
XENON1T

XENONnT
DARWIN

5

XENON1T TPC: the largest two-phase xenon TPC ever built

❖ 2-ton active liquid xenon target
❖ 96 cm drift x 96 cm diameter TPC
❖ 248 low radioactivity, high QE (~35%) R11410-21 PMTs

❖ Detector fully filled and functional in May

❖ Signals keep improving with better liquid purity

160518_1342
one early event in 
the top part of TPCS1 S2

96 cm



XENON1T: liquid xenon purity keeps improving

❖ Electron lifetime reaching a few 
hundred us

❖ TPC is now fully transparent to all 
events, a milestone towards 
science data taking

160710_0624
one recent event in 
the middle of TPC

150 usS1 S2



Recent status: reducing the background with water shielding

 zero-field background spectrum
before filling the water shield

Active Shielding

● 700 m3 demineralized water
● Lined with reflective foil
● 84 high-QE PMTs → 99.5% 

detection efficiency
● Background from muon-

induced neutrons ~0
● First fill and commissioning as 

a detector: March 2016 

First muons!

15E. Aprile et al. (XENON Collaboration), JINST 9, P11006 
(2014)

Background studies started towards the first dark matter data taking now!



XENON1T Background Studies
Background Simulation and Expected Performance (JCAP 1604 (2016) no.04, 027)

0.8 t
1.0 t

1.25 t
1.53 t

Less than 0.5 electronic recoil bkg 
event in 1800 kg x 20 live-days 

(with 99.75% ER rejection)

Overall ER Background (1-12 keVee)

Optimal fiducial volumes will be 
chosen at different stages of the 

dark matter search

ER Background from detector materials
 (1-12 keVee)



XENON1T/nT: the bigger, the better

XENON1T (20 live-days)
XENON1T sensitivity goal
XENON1T upgrade

Continue to probe two orders of magnitude in the WIMP parameter space with the 
XENON1T/nT program in the next five years!



Summary
❖ Liquid Xenon is now the most 

sensitive technology for direct 
Dark Matter detection

❖ Three orders of magnitude 
improvement in sensitivity in 
the last decade by XE100/
LUX/PandaX experiments

❖ XENON1T, the largest 
running dark matter detector, 
is starting to explore new 
territories of the Dark Matter 
parameter space now!

Roszkowski, Sessolo, Williams, arXiv:1405.4289

XENON1T

XENON1T upgrade


