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! 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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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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served in Detector 3 of Tower 5. These detectors were
near the middle of their respective tower stacks. Fig. 2
illustrates the distribution of events in and near the sig-
nal region of the WIMP-search data set before (top) and
after (bottom) application of the phonon timing criterion.
Fig. 3 shows an alternate view of these events, expressed
in “normalized” versions of yield and timing that are
transformed so that the WIMP acceptance regions of all
detectors coincide.

After unblinding, extensive checks of the three candi-
date events revealed no data quality or analysis issues
that would invalidate them as WIMP candidates. The
signal-to-noise on the ionization channel for the three
events (ordered in increasing recoil energy) was measured
to be 6.7�, 4.9�, and 5.1�. A study on possible leakage
into the signal band due to 206Pb recoils from 210Po de-
cays found the expected leakage to be negligible with
an upper limit of < 0.08 events at the 90% confidence
level. The energy distribution of the 206Pb background
was constructed using events in which a coincident ↵ par-
ticle was detected in a detector adjacent to one of the 8
Si detectors used in this analysis.

This result constrains the available parameter space
of WIMP dark matter models. We compute upper lim-
its on the WIMP-nucleon scattering cross section using
Yellin’s optimum interval method [25]. We assume a
WIMP mass density of 0.3 GeV/c2/cm3, a most probable
WIMP velocity with respect to the galaxy of 220 km/s,
a mean circular velocity of Earth with respect to the
galactic center of 232 km/s, a galactic escape velocity of
544 km/s [26], and the Helm form factor [27]. Fig. 4
shows the derived upper limits on the spin-independent
WIMP-nucleon scattering cross section at the 90% con-
fidence level (C.L.) from this analysis and a selection of
other recent results. The present data set an upper limit
of 2.4⇥ 10�41 cm2 for a WIMP of mass 10 GeV/c2. We
are completing the calibration of the nuclear recoil energy
scale using the Si-neutron elastic scattering resonant fea-
ture in the 252Cf exposures. This study indicates that our
reconstructed energy may be 10% lower than the true re-
coil energy, which would weaken the upper limit slightly.
Below 20 GeV/c2 the change is well approximated by
shifting the limits parallel to the mass axis by ⇠ 7%. In
addition, neutron calibration multiple scattering e↵ects
improve the response to WIMPs by shifting the upper
limit down parallel to the cross-section axis by ⇠ 5%.

A model of our known backgrounds, including both
energy and expected rate distributions, was constructed
for each detector and experimental run for each of the
three backgrounds considered: surface electron recoils,
neutron backgrounds, and 206Pb recoils. Simulations of
our background model yield a 5.4% probability of a sta-
tistical fluctuation producing three or more events in our
signal region.

This model of our known backgrounds was used to in-
vestigate the data in the context of a WIMP+background
hypothesis. We performed a profile likelihood analysis,
including the event energies, in which the background
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FIG. 4. Experimental upper limits (90% confidence level) for
the WIMP-nucleon spin-independent cross section as a func-
tion of WIMP mass. We show the limit obtained from the
exposure analyzed in this work alone (blue dotted line), and
combined with the CDMS II Si data set reported in [23, 28]
(blue solid line). Also shown are limits from the CDMS
II Ge standard [17] and low-threshold [29] analysis (dark
and light dashed red), EDELWEISS low-threshold [30] (long-
dashed orange), XENON10 S2-only [31] (dash-dotted green),
and XENON100 [32] (long-dash-dotted green). The filled re-
gions identify possible signal regions associated with data
from CoGeNT [33] (dashed yellow, 90% C.L.), DAMA/LIBRA
[10, 34] (dotted tan, 99.7% C.L.), and CRESST [12, 35] (dash-
dotted pink, 95.45% C.L.) experiments. 68% and 90% C.L.
contours for a possible signal from these data are shown in
light blue. The blue dot shows the maximum likelihood point
at (8.6 GeV/c2, 1.9⇥ 10�41 cm2).

rates were treated as nuisance parameters and the WIMP
mass and cross section were the parameters of interest.
We profiled over probability distribution functions of the
rate for each of our known backgrounds. The highest like-
lihood was found for a WIMP mass of 8.6 GeV/c2 and
a WIMP-nucleon cross section of 1.9⇥10�41 cm2. The
goodness-of-fit test of this WIMP+background hypoth-
esis results in a p-value of 68%, while the background-
only hypothesis fits the data with a p-value of 4.5%.
A profile likelihood ratio test finds that the data favor
the WIMP+background hypothesis over our background-
only hypothesis with a p-value of 0.19%. Though this
result favors a WIMP interpretation over the known-
background-only hypothesis, we do not believe this result
rises to the level of a discovery.

Fig. 4 shows the resulting best-fit region from this
analysis (68% and 90% confidence level contours) on
the WIMP-nucleon cross-section vs. WIMP mass plane.
The 90% C.L. exclusion regions from CDMS II’s Ge
and Si analyses and EDELWEISS low-threshold analy-
sis cover part of this best-fit region, but the results are
overall statistically compatible. There is much stronger
tension with the upper limits from the XENON10 and

Io
n

iz
at

io
n

 Y
ie

ld
�

XENON100�



PandaX: Particle AND Astrophysical Xenon experiment  

The goal is to build a large-mass two-phase xenon 
detector with ultra-low background for dark matter and 
neutrino-less double beta decay searches.�

The initial experiment is optimized for light detection to 
enhance the sensitivity to light WIMPs, while has the 
capacity to upgrade to a ton-scale experiment. �
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Lab'excavaCon'was'started'in'2010'and'renovaCon'was'done'in'2011.�
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PandaX�



Future#plans#CJPL#

CJPL%I'

• 'CJPL%I:'plans'shown'in'2010'for'future'development'(shape'&'locaCon'flexible)'
• 'CJPL%II:'finalize'plans'to'build'(2013%2014)''



CDEX'Measurement'of'
muon'flux'in'CJPL'�

arXiv:1305.0899�

•  CJPL%muon%flux:%%2.0%x%10110%%cm12%s11%(~60%m12%yr11)%
•  A%factor%of%100%lower%compared%to%the%muon%flux%at%Gran%Sasso�



Passive shield, which can accommodate a ton-scale detector, is 
built for PandaX. 



PTR�
LN2� Heat''

Exchanger�

T h e c r y o g e n i c s y s t e m 
“cooling bus” is located at 
outside of the shield .�

Cavity'size:'
1.8'm'x'1.2'm�

inner vessel (SS prototype) 
with the liquid level control 

unit

An inner liquid 
xenon vessel with 
a “weir” structure 
to con t ro l the 
liquid level. �
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PandaX - A Staged Approach

PandaX will progress through three stages.

Major Elements
with No Changes:

Shield

Outer Vessel

Cryogenics,
Purification

General
Infrastructure

Cryostat: Two
Versions

TPC: Three Versions

Stage Ia: 25kg (fid)

Low threshold
High light collection

Stage Ib: 300kg (fid)

Same inner vessel
Quick to implement

Stage II: 1Ton (fid)

Same
shield/OV/cooling/etc
New inner vessel

Scott Stephenson PANDA-X January 22, 2013 5

Stage21a#(125'kg'target'/'25'kg'fiducial)�

PandaX'will'progress'through'three'stages.�

Shield� Outer'vacuum''
cryostat�

Inner'vessel'(LXe)�TPC�
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Stage-1a “pancake” TPC�
Top: 143 
R8520 PMTs �

Bottom: 37 
R11410 PMTs�

Teflon reflector�

Shaping 
rings�

Electrodes�

15'cm' 60'cm'



Light yield is simulated by taking into account PMT QEs, 

light absorption/scattering lengths and teflon reflectivity.�
BoRom'PMTs'average'QE'~34%'

high'QE'PMTs'in'center�
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We expect to get 3.3~5.7 pe/keVee for 122 keV gammas at 
1 kV/cm with at least 5 m of absorption length.�



Nuclear Recoil Energy [keV]
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Expected'event'rate'for'“light'WIMPs”.�

In#252kg#x#1002day:#
7'events'>'6'keV'
32'events'>'4.5'keV'
472'events'>'3'keV'

CDMS2Si#best#fit:�



PosiCve'voltage'PMT'bases'and'special'cabling'design'to'reduce'the'
total'length'of'signal'cables,'for'less'outgassing'and'radioacCvity.�



60Co'

First%liquid%xenon%test%run%at%CJPL%(Apr1May,%2013)�

•  >400%kg%liquid%xenon%was%filled%into%the%detector%and%
maintained%stably%during%the%test%run.%

•  Achieved% 35% SLPM% circulaTon% speed% through% the%
purificaTon%geUer.%

•  BoUom% PMT% array% operaTonal% to% observe% the% first%
light%in%liquid%xenon%from%background%and%source.%



PandaX%1a�

PandaX%1b�

(100'live%day'x'25'kg)�

(1'live%year'x'300'kg)�

Projected'sensiCvity'for'PandaX%1a'and'
PandaX%1b'detectors.�



Summary�

PandaX is a two-phase xenon dark matter detector 
operated at the CJPL, the deepest underground lab in the 
world.�

The current stage with optimized light yield is for light 
WIMPs, and an upgrade with better sensitivity for higher 
mass WIMPs is on the way.  �


