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Why Xenon?

B Large mass number A (~131),
expect high rate for Sl interactions
(o ~ A?) if energy threshold for
nuclear recoils is low

B ~50% odd isotopes (122Xe, 131 Xe)
for SD interactions

B No long-lived radioisotopes, Kr can
be reduced to ppt levels

B High stopping power (Z = 54,
p = 3gcm™3), active volume is
self shielding

B Efficient scintillator (~80% light
yield of Nal), fast response

Total Rate [evt /kg /day]

B Nuclear recoil discrimination with
simultaneous measurement of scin-
tillation and ionization

1073
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Principle
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B Bottom PMT array below cathode, fully immersed in LXe
to efficiently detect scintillation signal (S1).

B Top PMTs in GXe to detect the proportional signal (S2).

M Distribution of the S2 signal on top PMTs gives xzy
coordinates while drift time measurement provides z
coordinate of the event.

B Ratio of ionization and scintillation (S2/S1) allows dis-
crimination between electron and nuclear recoils.
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XENON100

B Reuse techniques and technologies developed for the
XENON10 prototype to build a detector with a <10 increase in
fiducial mass and a <100 reduction in background.

B Reduce the background from internal components
¢ Pulse tube refrigerator and motor valve outside the shield,
¢ All signal and HV feedthroughs also outside the shield,
¢ Extensive material screening program to choose materials,

¢ Kr distillation column to reduce Kr contamination in Xe.

B Reduce the background contribution from external sources

¢ New 5 cm layer of copper to the XENON10 shield to reduce
the contribution from the the polyethylene,

¢ LXe Active veto surrounding the target.
M 170 kg LXe total mass consisting of a 65 kg target surrounded

by a 105 kg active veto. 15 cm radius, 30 cm drift length active
volume.




XENON100: Status

B XENON100 is operating reliably and
stably underground at LNGS for the
last 6 months.

B Neutron calibration was performed = =
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XENON100: Status

W XENON100 is operating reliably and
stably underground at LNGS for the
last 6 months.

M Neutron calibration was performed
in mid-December.

B Gamma calibrations are being taken
on a regular basis.

M Background level measured is
consistent with a factor 100
reduction compared to XENON10.

B Started first blind Dark Matter
Search run on January 13th.
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XENON100: Typical Low Energy Events
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XENON100: Data Selection

Three levels of cuts are applied to the calibration data:

LO: Basic quality cuts L1: Scatter cuts

Designed to remove noisy Designed to remove events
events, events with unphysical with multiple interactions (mul-
parameters. Very high accep- tiple S2s), with delayed coinci-
tance. dences (multiple S1s) or with

B S1 coincidence cut misidentified S1s.

B S2 threshold cut B S1 single peak cut

B S2 saturation cut B S2 single peak cut

B S2 width cut
B Signal/Noise cut

L2: Fiducial volume cuts

Because of the high stopping
power of LXe, fiducialization is
an extremely effective way of
reducing background. Possi-
ble fiducial volumes:
m 50 kg

¢ r < l4dcm

¢ 2cm < z < 29cm

M 30 kg
¢ r<13cm
¢4dcm < z < 27cm



XENON100: Neutron Calibration 1

M Calibration performed with a 3.7 MBq (220 n/s) AmBe source from 12/15/09 to 12/18/09.

B Accumulated 3 x 10° events in 3 days, 5 x 10* single scatter nuclear recoils <100 ke\/r.
Much more statistics than for the XENON10 neutron calibration to be able to describe the
nuclear recoil band up to higher energies.

B Since WIMPs are expected to elastically scatter off of nuclei understanding the behavior of
single elastic nuclear recoils in Xe is essential.

M [n addition, the neutron calibration gives gammas from inelastic recoils and activated Xe lines
that can be used to infer the spatial dependence of S1 and S2 signals (analysis is ongoing).

M For the data presented here the spatial dependence of the S1 signal is corrected using
factors obtained from Cs137 calibrations at uniform positions around the detector. The drift
time dependence of the S2 signal is also infered from weekly Cs137 calibrations.



XENON100: Neutron Calibration 2
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XENON100: Gamma Calibration

B A gamma calibration is performed on a regular basis with a 1 kBq Co60 source at different
positions around the detector.

M High energy gammas from Co60 (1.17 Mev, 1.33 MeV) allow for an efficient low energy
electron recoil band calibration due to their increased Compton mean free path.

M The data acquisition system (DAQ) was designed to allow calibration at high rate in order to
accumulate much larger statistics for the electron recoil band compared to what was
accumulated with XENON10.

B The ultimate limit is set by the inherently slow response of a large ionization detector
(maximum drift time of 175 us).

B DAQ/processing/storage system allows data taking at rates of 100 evts/keVee/liveday in a 30
kg fiducial volume with the Co60 source, a factor 1000 higher than the background.



XENON100: Electron Recoil Band
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XENON100: Rejection Power 1
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XENON100: Rejection Power 2
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XENON100: Background 1

B Measured background is
in good agreement with
Monte Carlo predictions
(no tuning).

B The measured single
scatter rate below 100
keVee is

5 x 1073 evis/kg/keV/d

B Background level in
fiducial volume is a factor
100 lower than
XENON10
(0.6 evts/kg/keV/d).
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XENON100: Background 2

B Dramatic background
reduction from XENON10
to XENON100 is evident
by comparing the event
distributions for similar
eXposures. -m:

B With an ER/NR rejec-
tion power of 99.5% at
50% NR acceptance, :
XENON100 will be able -zm: |
to run background-free -
for 40 days with a fidu- sl .
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result
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e Co-centric cylinder boxes with opening either
on the top or on the side.

— Open on top: need crane, harder to access

— Open on the side: easier to access, with a pushing
door (like XE100), hard to design the door.

e Layers of materials (from outside in)

50cm Poly, 20 cm Pb, 15 cm poly, 2cm A-Pb,
2cm Cu



The goal

* Less than one neutron event in the fiducial
volume per year

* Less than one gamma event with nuclear
recoil type of signature (S2/S1, ~10 keV)



Gamma ray

Goal? 0.1-1 mdru = mili events/kgdaykeV before s2/s1
cut.

From rocks and cement (small)

Compare with XE100:

PMT, Vessel, PTFE, grid, ??

new PMT, Cu vessel, better cut for PTFE, grid
135mdru reducesto 10 mdru
a fiducial cut can reduce this by at least

a factor of 10!

Rn gas Could be problem..... sealed shield?

Kr, Uin Xe (10-12) scale with the target mass?



Neutrons from cosmic ray

100-300 muons/year/m”2
Energy 300 GeV

Generate high-energy neutrons which cannot be
shielded effectively

High-energy, multiple scattering, can be vetoed

Singles: less than one neutron recoll in the right-
energy range per year.

Will be smaller at least a factor of 10 at JP Lab
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