
Exploring (what is left from) the 
(thermal) DM parameter space

Céline Boehm

IPPP, Durham                               LAPTH, Annecy Paris (INVISIBLES), 17 July 2014

 credit arXiv:1404.7012

http://arxiv.org/abs/arXiv:1404.7012
http://arxiv.org/abs/arXiv:1404.7012


Where everybody is focusing

The future?

Tremendous achievements

The old DAMA region

Outline of the talk: the light mass range and in particular 10-30 GeV

coannihilation
focus point 
Higgs pole



Gamma rays & GC excess
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Relic density

LIGHT (sub 10 GeV) DM =  LIGHT MEDIATORS!
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A too heavy mediator means DM will overclose the Universe!

so likely to be a neutral mediator... U=Z’
hep-ph/030526

F

http://arxiv.org/abs/astro-ph/0208458
http://arxiv.org/abs/astro-ph/0208458
http://arxiv.org/abs/hep-ph/0305261
http://arxiv.org/abs/hep-ph/0305261
http://arxiv.org/abs/hep-ph/0305261
http://arxiv.org/abs/hep-ph/0305261


Gamma rays & GC excess
astro-ph/0208458  & hep-ph/030526

DM should not shine at energies that we already scrutinised!
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Thermal DM
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Gamma rays & GC excess
astro-ph/0208458  & hep-ph/030526

LIGHT (thermal) DM means  p-wave annihilations or neutral final 
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Light DM

LIGHT (sub 10 GeV) DM =  LIGHT MEDIATORS!

 P-wave interactions or large fraction of  neutral states

DD searches are crucial:  they will provide complementary information (on the types of  allowed e.s. cross sections)

towards very light range



Gamma rays & GC excess
astro-ph/0208458  & hep-ph/030526
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Thermal DM is only compatible with the data when mdm ~ O(10) GeV [s-wave annihilations]

(caveat: only electrons!)

observations (rough guide!)

http://arxiv.org/abs/astro-ph/0208458
http://arxiv.org/abs/astro-ph/0208458
http://arxiv.org/abs/hep-ph/0305261
http://arxiv.org/abs/hep-ph/0305261


Excess in the Milky Way
 arXiv:1306.5725, Gordon et al

Hooper&Goodenough 2009
FERMI-LAT 2009

10-30 GeV DM annihilating mostly 
into b-quarks or muons can fit the 

FERMI-LAT data...

(see Aaron Vincent’s talk)



Direct Detection

Claims from DAMA (and DAMA/LIBRA), CoGeNT



Where DM lies

But CoGeNT cannot discriminate between DM and background unless.. 

CoGeNT  arXiv:1405.0495
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bulk surface
background onlybackground+DM

surface events take more time to rise 
because they are happening in the part 
of  the detector where charge collection 

is good

Possible evidence for DM

No evidence for DM

2 log normals = 6 parameters 

CoGeNT

After  marginalising: 1 sigma evidence

 arXiv:1405.0495

http://arxiv.org/abs/arXiv:1405.0495
http://arxiv.org/abs/arXiv:1405.0495


Other CoGeNT analysis

C. Kelso with M. Bellis, J. Collar, N.  Fields

TeVPA



DAMA/LIBRA
 arXiv:1407.1052
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Direct Detection

Perhaps a signal in indirect detection but no signal in Direct Detection...!

If  DM is around 10-30 GeV, you need a specific type of  mediator 
to get a signal in ID and no signal in DD!

semi-annihilation :arXiv:1404.4977“COY” DM : arXiv:1401.6458
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New way to probe the light sector?
DM interactions with neutrinos and photons.

 arXiv:1401.7597

 arXiv:1309.7588

astro-ph/0012504  astro-ph/0112522  astro-ph/0410591
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Conclusion
★  Probably no DM signal at 10 GeV  in Direct Detection

But 10-30 GeV is the mass range where thermal DM is compatible with indirect 
detection and may explain the GC excess. 

This could mean:

★ “COY” DM (no DM in direct detection experiments)
★ semi-annihilation (higher DM masses)

or if  no signal,  the end of  thermal DM as we know it !!! 

Do you fancy exploring the very light range???

If  so investigations of  DM interactions on small-scale structures is the way to go!

We can probe the invisible!



astro-ph/0208458

Z’ must be light and very weakly interacting.
Same conclusion with a Higgs boson (+singlet, thus NMSSM interesting)

 Boehm&Fayet, hep-ph/030526

Light mass range & constraints

LIGHT (sub 10 GeV) DM = Light mediators

U=Z’

 hep-ph/030526

• velocity dependent cross section
• or neutral final state

http://arxiv.org/abs/hep-ph/0305261
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The (prompt) light DM prediction

Light mass range: prompt gamma-rays
astro-ph/0208458  & hep-ph/030526
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Excess in the Milky Way
 arXiv:1306.5725, Gordon et al

Hooper&Goodenough 2009
FERMI-LAT 2009

higher slope



Prompt vs diffuse gamma ray emission

• diffusion changes the interpretation of  the excess

• diffusion predicts low energy gamma-rays and cosmic rays...

Can we discriminate between final states?
 arXiv:1404.4977

 arXiv:1401.6458

arXiv:1403.1987, Lacroix et al
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Impact of diffusion uncertainties

T. Lacroix, CB, J. Silk, 2014



Spin-off: an explanation to the 511 keV line?

Injection spectrum for the b quarks 

★ b quarks decay and/or hadronise (D & K mesons), 
★ D & K mesons decay into Pions and muons
★ all eventually lead to electrons & positrons

obtained using PPPD4

DM DM ! b b̄

e+ from b quarks



Positronium formation

start with this injection spectrum 

Then e+ diffuse out
and accumulate down to a few eV

Losses fall below 13.6 eV so positrons stop there.
 

[Coulomb losses and Bremsstrahlung ~ 0]



Positronium formation



Light mass range & constraints

LIGHT (sub 10 GeV) DM : Annihilation cross seciton must be suppressed!

astro-ph/0208458
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for E� > MeV

Observed

At least 5 orders of  magnitude 
larger than observations!! 
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Can Planck constrain indirect detection of dark matter in our galaxy? 3

Following this procedure, we find that for 40 GeV par-
ticles, the annihilation cross section can be as large as
⌅v ⇤ 1.5 � 2.5 10�26cm3/s in our galaxy without being
in conflict with the FERMI data. This suggests that an-
nihilations in the primordial Universe were either occuring
mostly into particles other than electrons (and positrons) or
the velocity-dependent term in the pair annihilation cross
section into electrons is important (⌅v = a + bv2 with
a > b). For 100 GeV particles, the annihilation cross section
is about ⌅v ⇤ 7 10�26cm3/s. This is somewhat larger than
the canonical thermal annihilation value required to explain
all the dark matter today (namely 3 10�26cm3/s) but is still
compatible with the FERMI measurement of the electron
+ positron flux in the Milky Way. Such a ⌅v value could
suggest scenarios in which the annihilation cross section is
enhanced in the galaxy due to the small velocity dispersion
of the dark matter particles in the halo (c.f. the Sommer-
feld enhancement). Hence constraints from spheroidal dwarf
galaxies (dSph) may apply.
Although the FERMI limits on dark matter candidates ob-
tained from dSph are stringent, they do depend on the dark
matter mass and most notably on the adopted dark matter
profile. Using PLANCK data would therefore provide addi-
tional constraints and a means to cross check the FERMI
results.

3 “DARK” SYNCHROTRON EMISSION

In what follows, we will display the most significant syn-
chrotron map predictions. We focus on annihilating dark
matter particles. We use the “MED” (corresponding to
L = 4 kpc, � = 0.7, K0 = 0.0112 kpc2/Myr) and “MAX”
(corresponding to L = 15 kpc, � = 0.46, K0 = 0.0765
kpc2/Myr) set of propagation parameters. As demonstrated
in our previous work Bœhm et al. (2010), a smaller di�u-
sion zone (corresponding to the “MIN” set of parameters)
will lead to a more confined “dark matter”synchrotron emis-
sion (brighter in the centre and fainter outside) while a more
optimistic model of propagation (“MAX”) would lead to a
brighter emission at larger latitude and longitude. Of course,
the relative brightness of the emission at each frequency is
a�ected by the choice of propagation parameters but, in this
Letter, we do not attempt to perform a detailed analysis of
the propagation parameters. We only point out that if prop-
agation of cosmic rays in our galaxy is correctly described
by the “MED” and “MAX” parameter sets, PLANCK may
have the ability to constrain the dark matter mass.
To produce the dark matter-related synchrotron maps, we
assume a monochromatic emission (i.e. one frequency corre-
sponds to a single value of the electron energy). The relation
between injection energy and frequency then reads:
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This well-known relation indicates that small dark matter
masses cannot “shine” at high frequencies unless the mag-
netic field is very strong. Although obvious, this property
turns out to be very important for dark matter searches.
In Fig. 1, we show that 10 GeV dark matter can shine at 33
GHz if the magnetic field is about 25 µG. However, no signal
is expected at higher frequencies unless the magnetic field

Figure 1. Synchrotron maps for 10 GeV dark matter particles,
B = 25µG. We use the MED parameter set and assume annihilat-
ing particles. The emission from astrophysical sources is displayed
in the left column; the dark matter prediction is shown in the mid-
dle panel and the sum of the two contributions is dispayed in the
right panel.

Figure 2. Synchrotron maps for 40 GeV dark matter particles,
B = 3µG. We use the MED parameter set and assume annihilat-
ing particles.

is stronger. The intensity of the emission is large enough to
be within the reach of PLANCK sensitiviy. The dark mat-
ter signal is very bright at the centre, as can be expected
from the large value of the magnetic field (the latter indeed
confines the electrons in the centre). However the sum of
the two contributions is bright enough at high latitudes to
have a chance of being detected by the LFI. This is consis-
tent with previous dark matter analyses performed in the
context of the WMAP haze (Hooper & Linden 2011). In-
terestingly enough, for such parameters one also expects a
radio signature in the galactic centre. As shown in Bœhm
et al. (2001); Boehm et al. (2010), one expects the radio
emission to be about ten times smaller than the emission
attributed to the central black hole. Therefore, in princi-
ple, the estimate of the radio emission should set a stronger
limit on the cross-section. I.e. it is likely to constrain cross-
sections greater than ⌅v ⇤ 2 10�27 cm3/s. Nonetheless, one
still expects a visible signal in PLANCK/LFI and no signal
in HFI.
When the mass is about 40 GeV and the magnetic field is
close to the average value in the whole galaxy (cf. Fig. 2),
one observes an extinction of the dark matter contribution

Figure 3. Synchrotron maps for 100 GeV dark matter particles,
B = 3µG. We use the “MED” parameter set and assume annihi-
lating particles.

c� 2011 RAS, MNRAS 000, 1–5
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Figure 4. Synchrotron maps for 200 GeV dark matter particles,
B = 3µG. We use the MED parameter set and assume annihilat-
ing particles.

Figure 5. Synchrotron maps for 200 GeV dark matter particles,
B = 6µG. We use the MED parameter set and assume annihilat-
ing particles.

to the synchrotron emission at large frequencies. This was
to be expected from the frequency-energy relation but it
does demonstrate again that comparing maps in di�erent
frequency channels is important. At 33 GHz, the sum of the
astrophysical and dark matter contribution becomes visible
close to the galactic centre at high latitudes, and it should
still be within the reach of LFI sensitivity. Finding the dark
synchrotron contribution will be di⌅cult but possible, and
it is therefore important to compare all frequency channels
before removing the radio maps extrapolated to high ener-
gies.
The same features can be seen for 100 GeV (cf Fig.3), ex-
cept that the 33 GHz channel actually seems less anomalous
than the 143 GHz channel while there should be no visible
signal at very large HFI frequencies. This illustrates how im-
portant it is to perform a thorough comparison of the syn-
chrotron emission in the di�erent frequency channels. Since
the emission is expected to be about a few Jy, detecting
the dark synchrotron emission would also be di⌅cult but
perhaps feasible and rewarding.
At 200 GeV and B = 3µG (cf Fig. 4), we observe an in-

Figure 6. Synchrotron maps for 200 GeV dark matter particles,
B = 3µG. We use the MAX parameter set and assume annihilat-
ing particles.

Figure 7. Synchrotron maps for 800 GeV dark matter particles,
B = 3µG. We use the MAX parameter set and assume annihilat-
ing particles.

teresting e�ect: namely extinction of the dark synchrotron
emission at the lowest frequencies. Unlike what is shown
in the previous figures, we see that the signal is fainter at
low frequencies than that at high frequencies. The emis-
sion becomes clearly visible in the 857 GHz channel while
still present at lower frequencies. One could therefore cross-
correlate all channels to constrain the dark matter mass. The
same feature can be seen in Fig. 5 when one increases the
magnetic field. However, the signal is brighter and slightly
more concentrated towards the galactic centre. Again, this
was to be expected since a large value of the magnetic field
confines the electron in the galactic centre. As a result, the
synchrotron emission is brighter but also more confined to-
wards the centre.
The emission is easier to observe when the propagation pa-
rameters correspond to the MAX set. In this case, it is
broader (cf Fig. 6). However, in terms of intensity, it is quite
similar to the MED set of parameters.
Finally, it is interesting to note that the extinction of the
dark synchrotron emission at low frequencies is particularly
visible when the dark matter mass is about 800 GeV (cf
Fig.7). In this case, the LFI should not see any signal while
HFI could in principle have a detection. The emission at
857 GHz should be about 7 10�2 Jy. This is quite faint
but the synchrotron emission associated with astrophysical
sources is comparable. Hence, the ability for HFI to deter-
mine whether there is a “dark” synchrotron signal depends
on the level of accuracy required to remove the other fore-
grounds. These figures demonstrate that extrapolating radio
maps to high frequencies can lead to the wrong conclusions
since very high energy electrons can, depending on their in-
jection energy, shine at the highest frequencies only.
Concerning decaying dark matter, the emission is spatially
much broader and because the decay rate is constrained by
local cosmic-ray fluxes to be quite low (1–10 �10�28 s�1,
it appears to be very di⌅cult to distinguish from the astro-
physical background. Nearby galaxy cluster observations by
Fermi (Dugger et al. 2010; Ke et al. 2011) provide strong
constraints on gamma rays from b, b̄ and µ, µ̄ channels for
decaying dark matter because of the relatively broad emis-
sion profile, and it might be of interest to reexamine the im-
plications of Planck data for constraining dark matter via
leptonic decays in these systems.

c� 2011 RAS, MNRAS 000, 1–5
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High mass DM gives a signal 
in HFI but not at low 
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CoGeNT

just a set of  data points corresponding to the # of  pulses 
as a function of  time

What CoGeNT reports

But those can be split into 2 populations: DM and background

The question is how to discriminate? CoGeNT’s answer: lognormal



bulk surface
background only

background+DM

take more time to rise because 
they are happening in the part 
of  the detector where charge 

collection is good

How to remove background? First determine the fraction Bulk to Surface!



Main difference



Integrate the blue distribution = total # surface events
Integrate the red distribution = total # DM events

Ratio gives the value bulk/surface for that energy bin!

Ratio for 1 energy bin

Repeat for all energy bins!

Find the functional form! see the red curve and green band



Procedure

take the bulk fraction

multiply it with the total number of  events (great histograms) 

The spectrum you get does not contain 
surface events anymore





Only 1 sigma evidence

signal:	 rise	 time	 for	 1	 energy	 bin

2 lognormals
(bulk/surface)

cross between surface and bulk rise time for each energy channel

DM rises

J. Davis, C. McCabe, C. Boehm  in preparation


