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WMAP 5-year data (2008)

Dark matters and A-CDM

Dark matter particles by definition do not
interact electromagnetically, and so
should scatter preferentially from nuclei

we are here
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Elastic event rates in earth-bound detectors
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for Exnr = 4 keVr and a 5 kg Xe target,
expect ~ |5 events in 2 months

Predicted event rate (standard™® halo assumptions)

elastic WIMP-nucleus scattering:

q q
A? coherence for spin-independent

1
ty,
L
'

,,,,,,,,,,,,,,,,,,,,, m =100 GeV |
oo e e
Ge
Ar
| | | | |
.
Recoil Energy [keVr]

60

(lll'l:”. I',._'-:‘ . /-'.| l{u ( —FEg/Egr EEETRE P 2
r//’,';,ﬁ 1"1 For ( o

Lewin and Smith, Asropart. Phys. 6 87 (1996)

*p=0.3 GeV c? and vo=220 km/s

(about 3 100 GeV DM particles / liter)
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XENONTO results (2007)

Phys. Rev. Lett. 100 021303 (2008)
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XENON 0 detector 14 kg Xe (~5 kg target)

S2 hit pattern gives (X,y)

18— 4 keVr single scatter nuclear recoil — .

161 -
14¢ 52|
3.6 phe 595 phe
12f -
[}
S 10f :
& o
3 <
e 3 -
S s
Q 6_ |
S s
B 7 [ //\C> //\\/:>
’ B N
_ < 0.10 us — | S Sas Saee
e //<\//> g
0 L St
o 45 50 55 60 65 70 75 80 85
Event Rat ™M us
Y ) "
0 ' ts2 - ts| gives z coordinate
£ o
= o
o . T
- S|:primary scintillation
I 2 S2: secondary scintillation
L S (proportional to ionization)
‘0 |10

Peter Sorensen, LLNL 5 14 Dec 2009



XENON 0 event animation
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Discrimination in Xe: Electron Recoil vs Nuclear Recoll

~4 keVr single scatter nuclear recoil
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Origin of the non-Gaussian talls in the background
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How to spot a Gamma X Event: S| Hit-Pattern

Gamma X scatter
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Improved algorithm to identify false single scatters
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The distribution of a; for each photo-multiplier tube
was measured from calibration data, obtained after in-
troducing neutron-activated xenon into the XENONI10
detector. As described in [26], this produced al
homogeneous source of 164 keV gamma rays from the de-
excitation of 31" Xe. For each event, we then calculated
the Poisson probability p; of obtaining the observed hit-
pattern, given the expectation «;. Two cut parameters
were defined as Py = log,o(X ai/pi).
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Pulse shape discrimination (resurrected!)
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Assessing the cut performance on ER calibration data

all valid events in the 5.4 kg target the same data after all cuts
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False single scatter fraction: data vs MC
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FIG. 3 (color online). The fraction of leakage events remaining
among single gamma ray scatters in the electron recoil calibra-
tion data set (black stars). Also shown is the Monte Carlo
prediction for false single scatters, with an additional scatter
below the cathode grid (red triangles), or in the outer 8.7 kg of
xenon (blue circles). The sum of the two Monte Carlo compo-
nents is indicated by pink squares. Note that the x axis is electron
(not nuclear) recoil equivalent energy; 20 keVee = 76 keVr.
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Assessing the cut performance on NR calibration data

all valid events in the 5.4 kg target
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the same data after all cuts
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XENONTO0 58. live days of dark matter search data
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Slight dulling of Occam’s Razor:

Inelastic Dark Matter

D Tucker-Smith and N Weiner, Phys Rev D 72 063509 (2005)

in brief;

(1) A dark matter particle, y;, with zero or highly
suppressed elastic scattering cross sections off of
nuclel.

(11) A second state, x,, heavier than y,; by an amount
o = m, — m,, which is of the order of a typical
halo WIMP kinetic energy. Generally, we need & ~
100 keV for weak-scale values of the y; and y;
masses.

(111) An allowed scattering off of nuclei with an inelastic
transition of the dark matter particle, i.c., y; —
n = x,+n

need at least

VUmin & \/25/#

to scatter

consequences:

Broadly speaking, the 1DM scenario can have three

effects on dark matter experiments:

(1) An overall suppression of signal, favoring heavier
targets over lighter ones.

(i1) An energy-dependent suppression of signal, sup-
pressing rates of low energy events more than those
of high energy events.

(1) Anenhancement of the modulated signal relative to
the unmodulated signal.

. predicted rates in Ge
\ / alastic for Mx = 100 GeV
“\ B inelastic

o0 = 80keV

~ T
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50 keV 100 keV 150 keV 200 keV
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IDM Allowed Parameter Space
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Phys Rev D 79 043513 (2009)

arxiv: 0910.36938
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LUX IDM Sensitivity after | Month Live

expect

o =1x10"%cm? m_ =150 GeV & =120 keV after background
" x discrimination and all cuts
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Momentum-dependent Interactions

arxiv:0908.299 |
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lower-mass dark matter with DM streams and/or channeling

PHYSICAL REVIEW D 79, 115011 (2009)
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FIG. 3 (C?lghg“h“%- Slmlz;)ro(t)oklsig. L, b(;‘t mcorpgg’;igg . FIG. 4 (color online). Similar to Fig. 1, but including only
siream of DM, wilh vy, ™ /s, and oy = /s inelastic scatterings, with § = 35 keV.
Insets: magnification of parameter space near 2 and 4 GeV.

The 2 GeV relies on both channeling and the stream; the
4 GeV region arises from unchanneled events from the stream.
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XENONIO progeny

LUX (100 kg target), installation at DUSEL,
Homestake Gold Mine, South Dakota

xenon target: 60 cm height, 50 cm diam.
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Nature's sense of humor (?)
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