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Will focus mostly on the first two

Neutrinos from dark matter

• Neutrinos from dark matter annihilation in 
the Sun

• Neutrinos from dark matter annihilations in 
the Earth

• Neutrinos from dark matter annihilations in 
the galactic halo
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Neutrino
oscillations

• New numerical calculation of interactions and oscillations in a fully three-
flavour scenario. Regeneration from tau leptons also included.

• Publicly available code: WimpSim: WimpAnn + WimpEvent suitable for 
event Monte Carlo codes: www.physto.se/~edsjo/wimpsim

• Main results are included in DarkSUSY.

Neutrino interactions

Similar to analysis of 
Cirelli et al, but 

event-based.

M. Blennow, J. Edsjö and 
T. Ohlsson, JCAP01 (2008) 021

Neutrino oscillations

http://www.physto.se/~edsjo/wimpsim
http://www.physto.se/~edsjo/wimpsim


Capture rate calculation
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II. WIMP CAPTURE AND NEUTRINOS

As there are many assumptions needed to calculate the neutrino flux from the scattering cross-section, we will
do this in two ways. First, we will focus on a ‘standard’ calculation, with reasonable assumptions usually made in
the literature. We will then go through some of these assumptions and perform a conservative calculation where we
instead change our assumptions to see how low fluxes we can reasonably get for given scattering cross-sections.

A. Standard calculation

The number of neutralinos in the Sun, N , is described by the differential equation

dN

dt
= CC − CAN2 − CEN, (1)

where the three constants describe capture (CC), annihilation (CA), and evaporation (CE). For the masses of interest
here, the evaporation is small and can be neglected [18]. Note that CC depends on the scattering cross-sections on
the elements in the Sun, whereas CA depends on the annihilation cross-section. The neutralino annihilation rate ΓA

is then

ΓA ≡
1

2
CAN2 =

1

2
CCtanh2(t/τ) (2)

τ ≡ 1/
√

CCCA, (3)

where the present rate is found for t = t! # 4.5 · 109 years. When t!/τ $ 1 annihilation and capture are in
equilibrium, dN

dt = 0, and

ΓA =
1

2
CC . (4)

Thus, in equilibrium, ΓA only depends on the capture rate CC , i.e. ΓA only depends on the scattering cross-sections,
and not on the annihilation cross-section. From ΓA it is then straightforward (but tedious) to calculate the resulting
muon flux at a neutrino telescope for a given WIMP annihilation channel.

For the capture (CC) and annihilation (CA) we follow the treatment in Ref. [19] as implemented in DarkSUSY [14].
In short, we have to integrate the WIMP scatterings over the volume of the Sun and the velocity of the WIMPs in
the galactic halo and will here review the most essential steps in this calculation.

For the velocity of the WIMPs, we will here assume that it follows a Maxwellian distribution,

f(u)

u
=

√

3

2π

nχ

vd · v!

(

exp

(

−
3(u − v!)2

2v2
d

)

− exp

(

−
3(u + v!)2

2v2
d

))

, (5)

where u is the velocity of the WIMP (outside the potential well of the Sun), v! = 220 km/s is the velocity of the
Sun relative to the halo, vd = 270 km/s is the WIMP velocity dispersion, and nχ is the WIMP number density. We
assume that the local WIMP density is 0.3 GeV/cm3. At a given interaction point in the Sun, the WIMP velocity is
given by w =

√
u2 + v2, where v is the escape velocity at that point.

The WIMP capture rate per unit shell volume from element i in the Sun is [19]

dCi

dV
=

∫ umax

0

du
f(u)

u
wΩv,i(w), (6)

where Ωv,i(w) is the capture probability per unit time for element i. In Eq. (6) we integrate up to the velocity
umax = 2v

√
µ/(µ − 1) at which the WIMPs scatter to the escape velocity v. Here µ ≡ mχ/mi, for the WIMP mass

mχ and the mass mi of element i.
For scattering on heavier elements than Hydrogen, we also need to take decoherence into account by introducing a

form factor suppression. Following standard lore, we assume a Helm-Gould exponential nuclear form factor [19] for
the momentum transfer q on element i

|Fi(q
2)|2 = exp(−∆E/E0

i ) ; ∆E =
q2

2mχ
(7)

Capture on element i in volume element

wΩv,i ∝ σχini(r)P (w� < vesc)[FF suppr.]

u

w =
� u

2 + v2esc

w�

~A2 ~A2{
~A4

• Tremendous enhancements for heavy 
elements in the Sun. The form factor 
diminishes it somewhat though by reducing 
the first A2.

• Low velocity WIMPs are easier to capture.



Neutrino Telescopes
Capture and annihilation

Evolution equation
dN

dt
= C − CAN

2
− CEN

Solution

ΓA =
1

2
C tanh

2 t

τ

τ =
1

√

CCA

Dependencies

C ∼

{

f(v), ρχ, σscatt,
composition of Earth/Sun

CA ∼ σann, ρ(r) in Earth/Sun



DM diffusion in the solar system

• DM particles are affected by the Sun and the planets (gravitational 
diffusion) in the course of being captured.

• See Gould ’91, Lundberg & Edsjö ’04 and Peter ’09 for more details

© 2008 David Edsjö



Diffusion by planets, e.g. Jupiter

u

w
w’

• In Jupiter’s frame of reference: w=w’

• In the Sun’s frame of reference, w’≠w (since Jupiter is moving) 
and it could happen that w’<vesc, i.e. that the WIMP is now 
gravitationally bound to the solar system.
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• Numerical simulations of WIMP diffusion in 
the solar system

• Included diffusion with Earth and Jupiter 
and added Venus by hand. 

• Included effects of solar depletion (big 
effect)

Main ingredients in 
Lundberg & Edsjö (2004) gravitational diffusion



Earth Capture
Why are low velocities needed?

• Capture can only occur when a WIMP scatters off a nucleus to a 
velocity less than the escape velocity
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Velocity distribution at Earth
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• Without solar 
capture, Gould’s 
results of 
‘capture as in 
free space’ are 
confirmed.

• Including solar 
capture, we get a 
significant 
suppression at 
low velocities, 
not as bad as 
initially thought, 
but still 
significant

Lundberg & Edsjö, ‘04



Earth capture rates
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Earth annihilation rates
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Diffusion work by Peter & Tremaine
arXiv: 0806.2133

• Full numerical simulations, but only 
including Jupiter.

• Included effects of Jupiter on WIMPs in the 
process of being captured by the Sun. This 
could cause a large reduction in the solar 
capture for heavy WIMPs.



Jupiter effects on solar capture

• Traditionally, if a WIMP scatters to below the escape velocity (at that 
point in the Sun), it is considered captured. 

• Peter & Tremaine showed that if the WIMP after its first scatter reaches 
out to Jupiter, Jupiter can disturb the orbit so that it no longer passes 
through the Sun and eventually gets thrown out of the solar system.

• This reduces the solar capture rate, especially for heavy WIMPs



Jupiter effects - simple approximation

• For typical neutralino WIMPs, a simple 
approximate method is OK (see Peter, 
arXiv:0902.1347 for more accurate setups).

- if a WIMP after its first scatter has a 
velocity that would not take it out to 
Jupiter (instead of the escape velocity), 
we consider it captured.



Jupiter suppression for the Sun

In this figure, for SD 
scattering only 
Hydrogen is included. 

More elements for SI.
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Elements in the Sun
• Traditionally

- only Hydrogen has been included for SD scattering 
in the Sun.

- for SI scattering, the 16 most relevant elements 
have been included (up to Ni), in some calculations 
even fewer

• We now use new more accurate abundances of 
elements (and their isotopes) from Asplund et al and 
include

- 112 isotopes up to 235U for SD scattering 

- 289 isotopes up to 238U for SI scattering



More accurate solar abundances

Work in progress to include a “complete” set of elements by Edsjö, 
Savage, Scott & Serenelli, based on solar models in Asplund et al,  2009

Preliminary Preliminary



New capture rate suppressions

Work in progress to include a “complete” set of elements by Edsjö, 
Savage, Scott & Serenelli, based on solar models in Asplund et al,  2009

Preliminary
Preliminary
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Current status of WIMP diffusion

• Best available simulations so far by Annika Peter 
(’09).

• Compared to Lundberg & Edsjö (’04), she

- only includes Jupiter, but

- does a more sophisticated treatment of solar 
depletion (does not see an as large effect as in 
Lundberg & Edsjö)

• More accurate simulations needed that take 
more planets into account (really hard!)



Effects of dark disk

• It has been suggested (Read et al, ’08) that 
as massive satellites fall into the Milky Way, 
their dark matter preferentially ends up in a 
dark disk, co-rotating with the stars

• If so, these dark matter particles move 
slowly with respect to the solar system, and 
are easier to capture (both by the Sun and 
by the solar system via gravitational 
diffusion) than regular halo dark matter



Effects on solar fluxes
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Figure 1: Muon flux Φµ for Eµ > 1GeV at the Earth’s surface as a function of Mχ from neutrinos originating in the Sun, for the SHM (left panel) and the dark disc
(right panel). The dark disc boosts the muon flux by an order of magnitude for ρd/ρh = 1. Current experimental constraints on the muon flux from the Sun from
Super-Kamiokande [25], AMANDA-II [26, 31] and IceCube22 [27] along with the expected sensitivity of IceCube80 are over-plotted on the left panel. The closed
contours show – 95% (red/dashed) and 68% (green/solid) – of the probability density of CMSSM models consistent with both astrophysical and collider constraints,
and assuming flat priors. The colour-bar gives the relative probability density (see §4 for details).
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Figure 2: The phase space density at low velocities for the SHM (left panel) and the dark disc (right panel). The black/solid curve is the summed distribution of
bound (red/dotted) and unbound (orange/dash-dotted) particles from the Solar system simulations, used in the calculation of the capture rates. The blue/dashed line
shows the distribution of the free space Gaussian approximation. Note the vertical scales of the two plots differ by two orders of magnitude.

5.3. Sensitivity to the population bound to the Solar system
There is a spread in predicted bound WIMP distributions.

Although the following studies predicted the boundWIMP dis-
tribution for the SHM, the results generalise to arbitrary dark
matter distributions. On the high end, Gould [33] argued that
the low speed WIMP distribution resulting from gravitational
capture of WIMPs by the planets should be approximately the
free space Gaussian distribution function of Eq. (1). This ar-
gument was based on treating WIMP-planet encounters as lo-
cal, with the cumulative changes to WIMP speed treated in the
random walk approximation. Also using the local approxima-
tion, Lundberg and Edsjö [34] found a smaller low speedWIMP

distribution if they treated the Sun as being infinitely optically
thick to WIMPs. Damour and Krauss [35] considered a pop-
ulation of long-lived WIMPs captured in the Solar system by
elastic scattering in the Sun, but neglected subsequent scatters
of those WIMPs with solar nuclei. Bergström et al. [36] found
that this population could boost the annihilation rate of WIMPs
in the Earth by a factor of ∼ 100 for 60 GeV < Mχ < 130 GeV.

More recently, Peter [37, 38] has simulated ∼ 1010 WIMPs
bound to the Solar system by either gravitational capture or
elastic scattering in the Sun. Orbits were integrated in a toy
Solar system consisting of the Sun and Jupiter. WIMP trajecto-
ries were followed using a modified symplectic integration al-

4

Bruch et al, arXiv:0902.4001

Fluxes from the Sun can be enhanced by
up to one order of magnitude

Without dark disk With dark disk



Effects on Earth fluxes

Bruch et al, arXiv:0902.4001

Fluxes from the Earth can be enhanced by
up to three orders of magnitude

Without dark disk With dark diskM
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Figure 3: Muon flux Φµ for Eµ > 1GeV at the Earth’s surface as a function of Mχ from neutrinos originating in the Earth. The top row is calculated with the free
space Gaussian approximation of the velocity distribution, while for the bottom row the velocity distribution from the Solar system simulations is used. The sharp
decrease in the muon flux at high WIMP masses in the bottom row is caused by the kinematic cut-off of the capture rate (see text). Compared to flux from the
SHM (left panels) the flux from the dark disc (right panels) is boosted by two to three orders of magnitude for ρd/ρh = 1, depending on the specific model. Current
experimental constraints on the muon flux from the Earth from Super-Kamiokande [25] and AMANDA-II [26, 31] along with the expected sensitivity of IceCube80
are compared to the flux expected from the SHM. The closed contours show – 95% (red/dashed) and 68% (green/solid) – of the probability density of CMSSM
models consistent with both astrophysical and collider constraints, and assuming flat priors. The colour-bar gives the relative probability density (see §4 for details).
Note the vertical scales of the two bottom plots differ by two orders of magnitude as compared with the top plots.

gorithm, allowing for the possibility of further elastic scattering
in the Sun. The orbits were integrated until the WIMPs were
ejected or scattered onto orbits that no longer intersected the
Earth. The phase space density distribution of bound WIMPs
as a function of speed relative to the Earth is shown in Fig. 2 for
both the SHM and the dark disc. Also shown in Fig. 2 are the
phase space density distributions of only the Galactic WIMPs
(unbound to the Solar system) and the free space Gaussian ap-
proximation (denoted as “Free space” on relevant figures).

The bound velocity distribution is significantly smaller than
predicted by Gould [33] and Damour and Krauss [35], and sim-
ilar to that found by Lundberg and Edsjö [34]. While part of
the difference is due to elastic scattering in the Sun (especially
for the Damour and Krauss population), part of the difference

is due to simulating orbits in a toy Solar system. The cut-off in
the velocity distribution at u ∼ 9 km/s owes to the phase space
below being inaccessible to WIMPs in the toy Solar system due
to the conservation of the Jacobi integral of motion; interaction
with the inner planets is required to populate lower speeds. This
cut-off in speed translates to a cut-off in muon flux above a par-
ticular WIMP mass. Solving Eq. (3) for Mχ, and setting mi to
the mass of 56Fe (the dominant atomic species in the core of the
Earth), we find that the muon flux is exactly zero for Mχ > 700
GeV. The impact of the WIMPs bound to the Solar system on
the WIMP annihilation rate in the Earth depends crucially on
how effective the inner planets are at populating the phase space
below u = 9 km/s.

Given the uncertainty in the low speed WIMP distribution,

5



Dark disk comments
• Could give dramatic enhancements for neutrino 

rates from the Sun (x10) and the Earth (x1000).

• However, these enhancements depend crucially 
on the unknown properties of the dark disk

• Direct detection rates are not affected as much, 
as the dark disk gives low recoil energies, buried 
in the background

• Halo stars constrain the density of the disk and 
it seems that the density cannot be too high. 
(Pestaña & Eckhart, arXiv:1009.0925, Bidin et al, arXiv:1011.1289, Sanchez-Salcedo et 
al, 1103.4356)



IceTop: Air shower detector

             80 stations/2 tanks each 

              threshold ~ 300 TeV

InIce array:

80 Strings 

60 Optical Modules

17 m between Modules

125 m between Strings

1450 m

2450 m

DeepCore array:

6 additional strings 

60 Optical Modules

7/10 m between Modules

72 m between Strings

AMANDA
120m x 450 m

The IceCube Detector

See talk by Ziad Charif on 
Antares Tuesday



29-Apr-2011 Olga Botner 

IceCube complete - Dec 18 2010 

Photo: P. Rejcek, NSF 
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IceCube collaboration 33 institutions worldwide w. ~250 scientists 



IceCube 2001-2008 limits



Spin-dependent direct detection

Lab experiments

• COUPP

• PICASSO

• XENON10/100/1T ...

• ...

• Mass: ~ 10 – 1000 kg

Astrophysical experiments

• Neutrinos from the Sun with 
e.g. IceCube

• Mass (of the Sun):  2 · 1030 kg



Complementarity between neutrino 
detectors and direct detection

• As neutralino 
capture in the Sun 
is very efficient for 
SD scattering, we 
can place a limit on 
the SD scattering 
cross section with 
neutrino 
telescopes

• The limits are very 
competitive 
compared to direct 
searchesWikström & Edsjö, arXiv:0903.2986,

see also Serpico & Bertone, arXiv:1006.3268, where 
relative uncertainties are studied (~factor of two)



Tevatron limits

• SD scattering probes WIMP-proton(neutron) coupling. This 
is the same coupling that appears in p-p-colliders, for WIMP 
production. The experimental signature is a monojet, arising 
from initial state radiation
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Figure 3: Left panel: the constraints on the spin-dependent DM-proton scattering cross section for
the up, down and strange (bottom to top solid lines) axial-vector operators. The projected Tevatron
constraints for the up-type and vector coupling operator are shown in the dot-dashed line. Relevant
experimental bounds are also shown. Right panel: the same as the left panel but for the constraints
on the spin-indepedent DM-neutron scattering cross section.

because the scattering is not coherent over the whole nucleus, while there is no relative suppresion

between the two at high energies. Of the operators under consideration, spin dependent scattering is

caused by the axial vector operator O3. For a complete list of all operators, see [21].

Again, in order to compute the DM scattering cross section off a nucleon, N = p, n, we will need

〈N |O3|N〉, leading to

ONq
3 = ∆N

q

(

N̄γµγ5N
)

(χ̄γµγ5χ)

Λ2
,

with [18]

∆p
u = ∆n

d = 0.842 ± 0.012 ,

∆p
d = ∆n

u = −0.427 ± 0.013 ,

∆p
s = ∆n

s = −0.085 ± 0.018 . (8)

The total cross section is then

σNq
3 =

3µ2

π Λ4
(∆N

q )2 . (9)

The Tevatron limits on spin dependent dark matter scattering for the various operators are shown in

Figure 3 along with limits from XENON10 [4], COUPP [22], PICASSO [23] and ZEPLIN III [24]. For

the DM-proton spin-dependent scattering cross section (left panel) we have found that the Tevatron

limits are stronger than any other direct detection experiments for all three operators. For the DM-

8

Bai, Fox & Harnik, arXiv:1005.3797.
See also Goodman et al, arXiv:1005.1286

q

q

χ

χ

g



Complementarity between neutrino 
detectors, direct detection and Tevatron

~Tevatron



ii) effect of baryons on DM speed distribution?

Sub-halos merging at z<1 preferentially dragged towards disc, where they’re 
destroyed leading to the formation of a co-rotating dark disc. Read et al, Bruch et al., Ling 
et al.

n.b. producing simulated halos which match the properties of the Milky Way is an 
outstanding challenge.

      detailed properties (& existence?) of dark disc are very uncertain.

      Bidin et al. measure surface density with 2-4 kpc of Galactic plane (using kinematics of thick 
disc stars), consistent with visible mass. 

_______    SH
.............    SH + high density, low dispersion DD
---------    SH + low density, low dispersion DD    
_ _ _ _ _    SH + low density, high dispersion DD  

Capture sensitive to the 
low-velocity region

Direct detection sensitive 
to higher velocities

f(v)

v

Remember the 
different velocity 
dependencies!

A note about velocity distributions
Also, velocity distribution 
in the galaxy most likely 
not Maxwellian
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Dark disk, fig. from Anne Green



• Direct detection 
and the neutrino 
signal from the 
Earth are both 
sensitive to the 
spin-independent 
scattering cross 
section 

• Large correlation

Neutrino-induced muon fluxes from the Earth
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Neutrino-induced muon fluxes from the Sun

• Compared to the 
Earth, much 
better 
complementarity 
due to spin-
dependent 
capture in the 
Sun.

Deep
Core



Uncertainties with respect to
direct detection

Input Direct 
detection

Neutrinos 
from Sun

Neutrinos 
from Earth

Velocity 
distribution, f(u)

“All” velocities, for 
low-masses, high-

velocity tail

Low velocities, 
some solar 

diffusion effects, 
especially for 
heavy WIMPs

Very low 
velocities, large 
solar diffusion 

effects

Form factor

Velocities ~200 
km/s => low 
momentum 

transfer

Velocities ~1500 
km/s =>

high momentum 
transfer

Velocities ~200 
km/s => low 
momentum 

transfer

Local density Sensitive to it now
Sensitive to 

average over last 
~108 years

Sensitive to 
average over last 

~109 years



IceCube and dark matter from the galactic halo

• Focus on halo, not 
galactic centre to 
avoid 
uncertainties from 
the halo profile.

• IceCube 22

• 2007 and 2008 
data

9
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FIG. 8. Relative difference in number of events in the on/off–
source region as a function of offset from the nominal posi-
tion. The regions are shifted by 60◦ steps to be centered at
∆RA+ δ. Error bars represent the statistical uncertainty in
the bin. Adjacent bins are correlated, as regions partially
overlap. Note the first bin corresponds to the result obtained
by this analysis. Bins 4-6 are closely related to bins 1-3, as
Non and Noff are swapped in them.

by Li and Ma to compute the significance of an on–source
observation [44]. The significance ξ is defined as

ξ =
Non − ηNoff

η
√
Non +Noff

≈
∆N√
2×Noff

. (13)

Here η is the ratio in exposure, or ratio of the size of the
two regions. For our case of an equally sized on– and
off–source region, η = 1.
Figure 9 shows the obtained exclusion limit compared

to the “natural scale”, for which dark matter candidates
are consistent with being a thermal relic [45, 46]. Larger
cross sections are possible if, for example, dark matter is
produced non-thermally or acquires mass only in the late
universe [47].
Applying the same procedure as that above for the

annihilation cross section, we compute a 90% C.L. lower
limit on the WIMP lifetime, τ , as function of the WIMP
mass, as shown in Fig. 10. We assume a line spectrum,
χ → νν and apply Eq. 9 for the expected neutrino flux.
If dark matter is a thermal relic and unstable, the only
requirement in order for it to be present today is that it
has a lifetime much longer than the age of the Universe
TU & 4× 1017 s.
Our limit calculation assumes smooth, spherically sym-

metric halo models. However, N-body simulations in-
dicate that dark matter in the halo should have some
substructure [50, 51]. While this will have negligible ef-
fects on the expected neutrino flux from dark matter de-
cay, the presence of substructure will enhance the self-
annihilation rate since it is proportional to the square
of the dark matter density. To quantify the average ex-
pected enhancement in the annihilation rate compared
to a smooth dark matter distribution, one can define a
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FIG. 9. (Color online) 90% C.L. upper limit on the dark mat-
ter self annihilation cross section for five different annihilation
channels. Also shown are the natural scale (red dotted line),
for which the WIMP is a thermal relic [45, 46], and unitarity
bound (blue line) [48, 49]. For the limit curves, the central line
is for the Einasto and NFW profiles, while the shaded width
identifies the extrema results from the Moore and Kravtsov
profiles. We consider only smooth halo profiles. The limits
for ττ and µµ overlay, due to their very similar high energy
neutrino spectra.

1024

1026

1028

103 104 105

L
ife

tim
e

 %
 [

s]

m$ [GeV]

Halo Uncertainty
$ ' && Einasto

FIG. 10. Lower limit on WIMP lifetime τ assuming χ → νν̄
at 90% C.L..

boost factor as a function of the distance from the Galac-
tic Center [52, 53]:

B(r) =

∫

ρ2dV
∫

(ρ̄)2dV
, (14)

where we defined ρ̄ as the mean density of the smooth
halo component. To determine the impact of a boosted

arXiv: 1101.3349



IceCube/DeepCore and cascades from the halo

29-Apr-2011 Olga Botner 

Deep Core 

all sky sensitivity  
! use surrounding IceCube strings as veto 

constraints on leptophilic DM 

PRD 81, 043508 (2010) 

30 

DM+DM ! m+m- 

"! improved sensitivity for low mass WIMPs 
"! enhanced acceptance for low energy n !

"! sensitivity for Southern sky sources 

IC40 PRELIMINARY 

• NFW assumed 
here, but cascades 
have a pointing 
accuracy of about 
50˚, so the results 
are not very 
sensitive to the 
halo profile

Sensitivity from Mandal et al, PRD 81, 043508 (2010)
IC40 limits from Olga Botner’s talk in Madison, April 2011



DarkSUSY

• DarkSUSY 5.0.5 is available at
	

 darksusy.org

• Long paper, describing DarkSUSY available 
as JCAP 06 (2004) 004 [astro-ph/0406204]

• Manual (pdf and html) available
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ournal of Cosmology and Astroparticle Physics
An IOP and SISSA journalJ

DarkSUSY: computing supersymmetric
dark-matter properties numerically

P Gondolo1, J Edsjö2, P Ullio3, L Bergström2, M Schelke2

and E A Baltz4

Department of Physics, University of Utah, 115 South 1400 East, Suite 201,

WimpSim
for WIMP annihilations 
in the Sun/Earth also 

available.

http://www.darksusy.org/
http://www.darksusy.org/


Conclusions

• Heavier elements will influence capture of WIMPs in the 
Sun.

• Neutrino fluxes from the Sun/Earth are affected by solar 
system diffusion. Sun fluxes probably reduced for DM 
masses above 1 TeV due to Jupiter.

• A dark disk can enhance the neutrino-fluxes from the Sun 
(x10) and the Earth (x1000). However, the existence and 
properties of this dark disk are quite uncertain.

• IceCube has started to cut into the MSSM parameter 
space
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