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My goal: explain stream of claimed signals and 
refutations 

1. How direct detection is different and difficult ’10 

2. Current ‘status’ of the field ’10 

3. The future (e.g., XENON1T) ’10
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Direct-detection concept

Detector

Dark matter 

(Goodman & Witten, PRD 31 3059, 1985)
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hvi

Earth



We can detect this bump.

Detector

(Goodman & Witten, PRD 31 3059, 1985)

m� = O(100 GeV)

Dark matter 
v = 220 km/s

Goals: 
1. Low threshold 
2. Low backgrounds 

• rare-event search 
• no beam off 
• 1 event / kg / 

century 
3. Large detector 

• think neutrinos

ER =
q2

2mN
< 100 keV

� =
⇢

M�
hvi

p ⇠ O(10 MeV)

Ek ⇠ O(100 keV)



Figure 2: Velocity distribution functions: the left panels are in the host halo’s restframe, the
right panels in the restframe of the Earth on June 2nd, the peak of the Earth’s velocity relative
to Galactic DM halo. The solid red line is the distribution for all particles in a 1 kpc wide shell
centered at 8.5 kpc, the light and dark green shaded regions denote the 68% scatter around the
median and the minimum and maximum values over the 100 sample spheres, and the dotted line
represents the best-fitting Maxwell-Boltzmann distribution.

are independent of location and persistent in time and hence reflect the detailed assembly
history of the host halo, rather than individual streams or subhalos. The extrema of the
sub-sample distributions, however, exhibit numerous distinctive narrow spikes at certain
velocities, and these are due to just such discrete structures. Note that although only
a small fraction of sample spheres exhibits such spikes, they are clearly present in some
spheres in all three simulations. The Galilean transform into the Earth’s rest frame washes
out most of the broad bumps, but the spikes remain visible, especially in the high veloc-
ity tails, where they can profoundly a↵ect the scattering rates for inelastic and light DM
models (see Section 4).
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Astrophysical assumptions

1. All direct-section 
experiments assume 
same correct enough 
DM distributions 

2. Perspective: this 
becomes important if we 
detect DM events. 

• See Felix talk. 
• Maxwellian DM 
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(Read 1404.1938)

In practice, use simple models 
Apples to apples 
see Felix’s talk on Saturday

(Baudis)



No peak in spectrum

29 

Example of recoil energy spectra!

  Reminder: Erecoil was our TA 

  <Erecoil> ~ ½ rT = ¼ MW v2 

  ~Exponential distribution   
 of v2 → 

 ~Exponential distribution   
 of EWIMP 

  Flat distribution of cosθ*   
 → flat distribution   
 of Erecoil/EWIMP   

  → Exponential distribution of Erecoil 

July 2013 ISAPP 2013: Direct Dark Matter Searches keV is not a typo…



How detect keV signals?

Dark matter
Detector

Ionization

Light

Heat

Xenon TPC

Ge, Si



Many experiments and 
detector technologies



Cryogenic experiments at T ~ mK
• High sensitivity to nuclear recoils, good 

energy resolution, low-energy threshold 
(keV to sub-keV) 
• low-mass WIMPs! 

• Ratio of light/phonon or charge/phonon: 
• nuclear versus electronic recoils 

discrimination -> separation of S and B

Ratio of 
charge 
(or light) 

to 
phonon

Background

Signal

(Baudis)



Xenon time-projection 
chambers

XENON100Experiments: e.g., XENON100/LUX 
Ionization and light 
Xenon atom mass ~ WIMP 
3D event reconstruction 



ATLAS != XENON100
Lego 1/50 scale ATLAS detector is bigger than XENON100



keV physicist’s backgrounds
Everything is radioactive 

• Environmental radioactivity (Radon) 

• Radioimpurity in detector materials 

• Neutrons from (alpha, n and fission reactions  

• Cosmic rays 

• Activation of materials when at surface 

• Eventually: neutrinos
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Quiet place

Dark Matter Searches Rick Gaitskell, Brown University, LUX / DOE

Reduction in Backgrounds

•Electron Recoil Events

9

LUX-ZEPLIN (Xe 5.6 Tonne Fid.)!
pp solar dominates 

Thanks to David Malling, Brown, for preparing slide

(David Malling)

XENON100 (real)



Who has seen what? 
Not seen Seen



WIMP landscape

Dark Matter Searches Rick Gaitskell, Brown University, LUX / DOE27
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Low-mass WIMPs?
CDMS-Si, DAMA/LIBRA, CoGeNT, CRESST all see (different) 

signals above known backgrounds

(Baudis)



Low-mass exclude by CDMS, LUX, 
XENON10, XENON100, CRESST, and 
PandaX

• CRESST (2011) 
• new run, excludes old 

signal 
• Strauss TeVPA/IDM 

• CoGeNT 
• Kelso TeVPA/IDM 
• Davis 1405.0495 

• CDMS-Si 
• Excluded SuperCDMS 
• 1402.7137 

• DAMA/LIBRA 
• still here…
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What would low-mass WIMPs 
look like in Xenon TPCs?

XENON100  
Expected: 220 events 

LUX 
Expected: 1550 events 

(Baudis)



Ionization-only XENON10/
XENON100

Dark matter
Detector

Ionization

Light

Heat

Xenon TPC

Ge, Si



Ionization-only XENON10/
XENON100

3,000/m³

60,000/m³

Xe

Xe

If 100 GeV

If 10 GeV

Dark-matter wind
v = 220 km/s

p=1 keV

p=10 keV
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Ionisation yield for XENON10

XENON100

XENON10

CDMS-Si

Figure 1. CDMS-Si confidence region (68% and 90% CL) together with the 90% exclusion curves from
XENON10 and XENON100 from our analysis, assuming standard elastic spin-independent scattering
and equal coupling to protons and neutrons. Our CDMS-Si confidence region and XENON100 bound
agree well with the results from the respective collaborations [6, 22], however, our XENON10 bound
is significantly weaker than the published one [5]. We consider three choices of the ionisation yield
Qy at low energy to illustrate the corresponding variation of the extracted bound.

where Ex is the exposure of the detector, ✏(E
R

) is the detector acceptance and

Res(E
1

, E
2

, E
R

) =
1

2


erf

✓
E

2

� E
Rp

2�E
R

◆
� erf

✓
E

1

� E
Rp

2�E
R

◆�
(2.4)

is the detector response function [25].
We now focus on whether CDMS-Si is compatible with XENON10 and XENON100.

We consider only spin-independent scattering in this work since only a very small fraction of
naturally occurring Si contains an isotope with nuclear spin. The usual parameterisation for
a spin-independent cross-section is

d�

dE
R
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(A,Z)
m

N

�n
2µ2

n�v
2

, (2.5)

where µn� is the reduced DM-nucleon mass, C
T

(A,Z) ⌘ (fp/fnZ + (A� Z)), A and Z are
the mass and charge number of the target nucleus and fn,p denote the e↵ective DM coupling
to neutrons and protons, respectively. Experiments typically quote results in terms of �n, the
DM-neutron cross-section at zero momentum transfer. The above parameterisation of the
cross-section holds e.g. for DM-nucleus scattering mediated by a heavy CP -even scalar boson
or by a heavy vector mediator. However, other interactions can give rise to a cross-section
that cannot be parameterised in this way. We consider two such examples in § 3.

Unless otherwise stated, we adopt for the astrophysical parameters the Standard Halo
Model (SHM), i.e. a Maxwell-Boltzmann distribution for f(v) with v

0

= 220 km s�1 and
v
esc

= 544 km s�1, and take ⇢ = 0.3 GeV cm�3. We use the Helm form factor [26] and take
fn/fp = 1. The results of our calculations for this choice of parameters are shown in Fig. 1.
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(Frandsen, Kahlhoefer, McCabe, Sarkar & Schmidt-Hoberg, arXiv:1304.6066)







What next:  
Direction-detection cookbook
• Collect O(100) physicists 

• Buy 10 times more ‘target’ than you friends 

• Locate deep hole in the ground 

• Put physicists and material underground 

• Wait few years 

• … 

• Publish



Future cryogenic 
experiments at T ~ mK

• SuperCDMS approved at SNOLab by NSF/DOE
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Future noble liquid detectors

Under construction: XENON1T at LNGS, 3.1 t LXe in total 

Future: LUX-ZEPLIN (7 t LXe) (approved by NSF&DoE), XENONnT (n=6-7 t 
LXe) (to be proposed),  XMASS (5 t LXe), DarkSide (5 t LAr) (R&D funds) 

Design and R&D: “ultimate detector”  DARWIN (~20 t LXe and/or 50 t LAr)

XENON1T: 3.3 t LXe LZ: 7t LXe DARWIN: 20 t LXe/LAr
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XMASS%project 

��

• !In!this!slide,!I’d!like!to!explain!our!XMASS!project!at!Kamioka!observatory!in!
Japan.!
• !Our!Binal!goal,!a!ten!ton!scale!detector!of!XMASSE2!will!cover!multiple!purposes!
such!as!dark!matter,!pp!solar!neutrino!and!0ν2β!decay.!
• !Refurbishment!of!XMASSEI!will!be!completed!in!this!autumn!and!XMASSE1.5!is!
planed!to!start!in!2015.!They!are!mainly!for!dark!matter!search.!
• !Commissioning!data!of!XMASSEI!was!taken!from!Nov.!2010!to!May.!2012.!!

Y.#Suzuki,#hep-ph/0008296#

XMASS: 5t LXe

DarkSide 50june 27, 2013 p. 21

Darkside 5000

● R&D and engineering for ton-scale experiment 
"DS G2" with 5t liquid Argon (active volume) and 
a sensitivity of 2·10-47 cm2

● reuse same neutron veto + water Cherenkov veto

DarkSide: 5 t LAr

LZ$
Concept$

Liquid$Xenon:$$
48X$LUX$Fiducial$

Gd`LAB$(Daya$Bay)$Gd`LAB$(25$tonne)$2/28/14$ Harry$Nelson$for$LZ$ 10/23$

24(Baudis)
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The XENON1T Experiment
Under construction at LNGS since fall 2013 

Total LXe mass: 3.1 t, 1 m charge drift; 248 3-inch PMTs; background 
goal:100 x lower than XENON100, ~5 x 10-2 events/(t-d-keV) 

Commissioning and science run: mid and late 2015 

Goal: 2 x 10-47 cm2 at a WIMP mass of ~ 50 GeV

+'-

25
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XENON1T: Main Pipe 

M.#Selvi#–#SIF#2014#





You’ve seen an empty room before…
…but what will it look like in one year? 
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Will we detect WIMP dark matter 
soon?

About a factor of 10 increase in sensitivity every 2 years 
!
Who knows! Perhaps (hopefully?!) by 2026…

L. B., Physics of the Dark Universe 4, Sept 2014

DARWINLZ/
XENONnT

LUXXENON100

XENON1T

SuperCDMS

34

(Baudis 1408.4371, and many other slides taken from Baudis)


