
Dark Matter news 2010

1) New data

2) New discoveries

3) New bounds

4) New theories

Alessandro Strumia, Planck 2010, June 1, 2010



DM is. Everywhere. Waiting for a sign

from the sky from the underworld from CERN
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Prophets looked at the Universe and told σv = 3 10−26 cm3/sec.

Prophecy don’t say which SM particles couple to DM: q? `? W?



Data is coming

Status of the field: messianic awaiting for the coming. New data this year:

• Indirect: FERMI γ sky

• Direct: CDMS/CoGenT/Xenon

• Collider: work in progress

New claims of Dark Matter: a few per year

past years:
PAMELA

ATIC-FERMI
WMAP haze

DAMA
511 keV

last year:
FERMI Haze

FERMI γ twice
CDMS/Edelweiss

CoGeNT
Tunguska

Year Zero? Beware to fake Messiahs? “And they shall turn away their ears

from the truth, and shall be turned unto fables” Timothy 4: 3,4.



Direct DM detection: theory
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Direct DM detection: experiment

Bounds on the Spin-Independent σSI(DM nucleon) parameter:
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DM must be neutral under the γ, g and almost neutral under the Z

The vector effect vanishes if DM is real (e.g. a ‘neutralino’ Majorana fermion)



CDMS, Edelweiss, CoGeNT and Xenon

experiment expected background events seen significance sensitivity
CDMS 0.8 events 2 1.5σ best

Edelweiss 0.15 events 1 1.5σ good
CoGeNT ? 100+ ? at low M

CoGeNT is small and has low bck: competitive at low energy, so for light DM
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DAMA: new ideas / last hopes

Channeling. Mildly disfavored region at M ∼ 10 GeV around CoGeNT.

Inelastic. DMN → DM′N can explain DAMA for M ′ −M ∼ µv2 ∼ 100 keV.

Form factor: the DM/nucleon coupling could be ∝ q2 = (PDM − PN)2 or q4

Non standard DM models can also fit the DAMA non-exponential spectrum.13

FIG. 4: Modulation amplitudes for benchmark points at DAMA for vesc = 500 km/s. The measured

modulation amplitudes of the full DAMA + DAMA/LIBRA data set are shown as data poins. The

dashed line is the 70 GeV benchmark, which is outside the 90% confidence of the combined DAMA

+ DAMA/LIBRA 2-6 keV modulation, but inside the 90% confidence region for DAMA/LIBRA

2-6 keV rates alone. For the solid lines, from the highest to lowest peak, and narrowest to broadest

curves, mχ = 90, 120, 150, 180, 250 GeV.

The iodine modulated signal has overall rates consistent with that observed in the 2-6

keV range at DAMA and DAMA/LIBRA. However, quite unlike the rapidly rising rates

expected over most ranges of parameter space for conventional WIMPs, the spectra turns

over at low energies, see figure 4. This shape is natural in iDM, and is driven by the low

value of the 2-2.5 keV bin in the DAMA spectrum. Thus, even before considering other

experiments, we are pushed to large values of δ where such spectral features occur.

At low masses (∼ 60 GeV), the finite galactic escape velocity can put the entire region

preferred by DAMA out of the CDMS range. At higher masses CDMS becomes relevant, but

its limits are weakened by the fact that the peak of the inelastic spectrum is located near 64

keV, where an event was observed. This spectrum is shown in figure 5. The future ability

of CDMS to test these high mass ranges will depend principally on controlling background

in the 50-100 keV range.

The XENON and ZEPLIN rates are similarly under control, and the spectrum is as

required by the model independent analysis of section II. Namely, the rates are essentially

zero below 15 keV, as shown in figure 6. As already mentioned, the DAMA spectral data

also prefer this low-energy suppression.

KIMS
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CRESST
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Figure 1: Overlap in q of the DAMA signal with several null experiments. The height of the

null experiments has no particular meaning.

to flatten the spectrum of events observed at DAMA compared to the steep rise at low re-

coil energies predicted by a standard light elastically scattering WIMP. Both of the above

purposes may be served simultaneously by a form factor which falls off appropriately at low

momentum transfers.

Now, a key point is that the events seen by DAMA between qi and qf essentially lead to a

direct prediction (up to modulation fraction) for the events to be seen at other experiments

within that same range of momentum transfers. These predictions are more or less indepen-

dent of the choice of form factor, and it is therefore not immediately obvious whether they

alone are enough to rule out form factor dark matter as an explanation for DAMA. The most

basic question we must answer is thus the following: does there exist any function F (q) for

the form factor - which we may take to be zero outside of the range qi < q < qf - which allows

for the DAMA modulating signal, but which does not overpredict the number of events to be

seen between qi and qf at other experiments?

Later we will consider explicit models that give rise to form factors, but for the moment

we would like to answer this question while being as agnostic as possible about the model-

building aspects. Thus we will begin by working with a physically unmotivated form factor,

chosen solely with the goal of fitting the DAMA observed spectrum while simultaneously

being consistent with the null experiments. To achieve this, we will construct a form factor

to explicitly put the signal just below the 1σ error bar at DAMA, bin-by-bin1. Furthermore,

outside the range of the DAMA signal (i.e. below q = 80 MeV), we set the form factor

to zero. An example is shown in Fig. 3. To evaluate the consistency of this form factor

with experiment, we calculate the probability of the low number of potential signal events

at CDMS and CRESST-II using the pmax method [5, 20], which is based on the number of

1More precisely, we construct the signal to be 80% of the signal-minus-1σ rate.
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Staus: disfavored. Xenon will tell. Heterotic DM: combine the previous ideas.



Indirect signals of Dark Matter

DM DM annihilations in our galaxy might give detectable γ, e+, p̄, d̄, ν.



Indirect signals

Charged particles



PAMELA, FERMI/ATIC, HESS
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Bad news for the future:



The e± excesses can be unexpected DM

PAMELA e+ needs either leptonic DM channels or any channel if M >∼ TeV.

PAMELA p̄ disfavor non-leptonic channels, unless M >∼10 TeV.

ATIC or FERMI want leptonic channels and M ∼ 3 TeV.

σv a few orders above the value suggested by cosmology or τ ∼ 1026 sec.

(caveats)



σ(PAMELA + FERMI)� σ(cosmo)

up to co-annihilations, resonances, sub-clumps, ..., Sommerfeld enhancement:

how to extrapolate the cosmological σv at v ∼ 0.2 down to v ∼ 10−3?

Usually bad σv ∝ v0 (s-wave) or worse σv ∝ v2 (p-wave). Classic analogy: the

sun attracts slower bodies, enhancing its cross section: σ = πR2�(1+v2
escape/v

2).

Quantum Sommerfeld effect: σv ∝ 1/v if DM is charged under a lighter particle.
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Present in the SM if M >∼MW/α, but DM would annihilate into W+W−.



New DM theories

DM is charged under a dark gauge group, to get the Sommerfeld enhancement.

DM annihilates into the new vector. If light, m<∼ GeV, it can only decay into

the lighter leptons. Large σ(DM DM→ `+`+`−`−) obtained.

γ has a mixing θ with the new light vector, giving a σSI(DM N) which is too

large if elastic or possibly consistent with DAMA if inelastic thanks to a 100

keV splitting among Re DM and Im DM induced by the hidden higgs.

Sensitivity to θ,m can be best improved by e beam-dump experiments.



Dark Matter fit
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(Inverse Compton depends only on the e± spectrum)



γ from DM

DM DM → `+`− is unavoidably accompanied by photons:

• Brehmstralung from charged particles and π0 → γγ decays.

Largest Eγ ∼MDM, probed by HESS.

• Inverse Compton: e±γ → e±γ′ scatterings on CMB and star-light: Ė ∝ uγ.

Intermediate Eγ′ ∼ Eγ(Ee/me)2 ∼ 10 GeV probed by FERMI

• Synchrotron: e± in the galactic magnetic fit: Ė ∝ uB = B2/2.

Small Eγ ∼ 10−6 eV, probed by radio-observations: Davies, VLT, WMAP.



Indirect signals: γ

New FERMI data



FERMI full-sky γ maps
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Main results:

• lots of stupid pulsars

• Φγ(E, b, `) can be fitted by conventional astrophysics: π0 + IC + brem.

• Attempts to see DM contributions (Hooper, Raidal, Finkbeiner...)

Contract with NASA respected: all γ raw data freely available.

But work in progress: public data still contain backgrounds to DM searches:

• misidentified hadrons above ∼ 100 GeV.

• point and transient astrophysical sources.



Robust bound from FERMI maps

Just impose DM < exp in all sky and energy regions:
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PAMELA/FERMI as DM annihilations?

All at 3σ: region allowed by PAMELA e+ and FERMI e+ + e− vs bounds on: •
FSR-γ from FERMI full sky, HESS Galactic Center, Ridge, Dwarf Spheroidals;

• IC−γ for L = 4,2,1 kpc; • CMB; • ν; • radio observations of the GC
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e± excesses can be DM DM → 2µ,4µ,4e if ρ is isothermal

Other profiles (NFW, Einasto...) and other channels (τ , W ...) cannot fit



The FERMI haze?

Some theorists claim a quasi-spherical ‘FERMI haze’ excess
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 5 GeV < E < 10 GeV
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 5 GeV < E < 10 GeV residual (SFD)
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 10 GeV < E < 20 GeV
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 20 GeV < E < 50 GeV
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Fig. 3.— Residual maps after cross-correlating Fermi maps at various energies with the SFD dust map. The mask is described in §3.2.
Cross-correlations are done over unmasked pixels and for 75 ≤ ! ≤ 285. Although the template removes much of the emission, there is a
clear excess towards the Galactic center. This excess also includes a disky component which is likely due to ICS and bremsstrahlung from
softer electrons (see Figure 5).

(to avoid the GC) and width 30◦ (Regions 1-7) as well as
one region with 75◦ < ! < 285◦ (Region 8). With these
correlation coefficients, we define the residual map to be,

RT (E) = F (E)− cT (E)× T. (2)

To the extent that the templates in T match the morphol-
ogy of the π0 and bremsstrahlung gammas, the residual
map will include only ICS emission.

Figure 3 shows the resultant residual maps using the
SFD map as a morphological tracer of π0 emission for
the Region 8 fits. The most striking feature of the dif-
ference maps is the extended emission centered around

the Galactic center and extending roughly 40◦ in b.
The morphological correlation between the WMAP syn-
chrotron and the RSFD(5− 10 GeV) is striking as is
shown in Figure 4. Here the 41 GHz synchrotron (haze
plus Haslam-correlated emission, see Haslam et al. 1982;
Dobler & Finkbeiner 2008) is shown side by side with the
5-10 GeV Fermi residual map with the mask used in the
Dobler & Finkbeiner (2008) microwave analysis overlaid
for visualization.

Figure 5 shows residual maps using the 1-2 GeV Fermi
maps as a template for the π0 emission. This sort of
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Fig. 11.— Correlation coefficients for the templates used in the Type 3 template fit (see §3.2). Upper left: SFD-correlated spectrum
which roughly traces π0 emission. Upper right: Haslam-correlated emission which traces a disky bremsstrahlung and soft ICS component.
Lower left: haze template-correlated emission. This component has a notably harder spectrum than both the SFD- and Haslam-correlated
spectra or their model shapes (dashed lines, cf., Figure 2), indicating a separate component. The dashed lines in the upper two panels
are a GALPROP estimate of π0 (left) decay and bremsstrahlung plus ICS emission (right). Lower right: the uniform template-correlated
spectrum which traces the isotropic background. Here the dashed line is the result from Figure 9. This high latitude estimate is higher
than the uniform template estimate likely because the π0 emission is non-zero at high latitudes and leaks into our measured background.
This is less of an issue for the uniform template which uses the morphological (i.e., uniform) information.

the ICS signal from the haze electrons.

3.7. Comments on Haze Morphology
Although a detailed analysis of the possible source of

the Fermi haze are beyond the scope of this paper, a
few simple comments are in order. First, the profile is
not well-described by a disk source. While quantifying
this is a subtle task, the success of the template makes
this point clear. There are many possibilities to explain
the oblong shape, should that persist with greater data.

For instance, AGN jets and triaxial DM profiles could
both produce signals of this shape. Even approximately
spherical production could yield such a signal, should the
diffusion be somewhat anisotropic. That said, while one
might have attempted to invoke, e.g., rapid and signif-
icant longitudinal variation of the magnetic field to ex-
plain the microwave haze, such approaches are no longer
tenable (and moreover already had significant tension
with an understanding of the Haslam synchrotron maps).
The presence of this feature in both gamma rays as well

FERMIons disagree [arXiv:1003.0002]



PAMELA/FERMI as DM decays?

Compatible with all profiles ρ(r) because ρ2 σv

2M2
→ ρ1

Mτ
:
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• GUT-suppressed dimension 6 operators give the needed τ ∼ M4
GUT

M5
∼ 1026 s

• M ∼ 3 TeV gives the cosmological ΩDM if DM is a baryon-like asymmetry
kept in thermal equilibrium by weak sphalerons down to Tdec ∼ 200 GeV.



FERMI diffuse

The spherical contribution was extracted from γ sky:
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Reliable bounds on DM decays.

Bounds on DM annihilations depends on DM clustering history.



FERMI bound on γ lines

DM DM→ γγ with cosmological σv ≈ 3 10−26s/ cm3 excluded for M < 200 GeV!

Eγ 95%CL 〈σv〉γγ [γZ] (10−27 cm3s−1) τγγ [γZ] (1028 s)
(GeV) (10−9 cm−2s−1) NFW Einasto Isothermal NFW Einasto Isothermal

30 3.5 0.3 [2.6] 0.2 [1.9] 0.5 [4.5] 17.6 [4.2] 17.8 [4.2] 17.5 [4.2]
40 4.5 0.7 [4.2] 0.5 [3.0] 1.2 [7.2] 10.1 [2.9] 10.3 [2.9] 10.0 [2.9]
50 2.4 0.6 [2.7] 0.4 [1.9] 1.0 [4.6] 15.5 [5.0] 15.7 [5.1] 15.4 [5.0]
60 3.1 1.1 [4.2] 0.8 [3.0] 1.8 [7.3] 9.8 [3.5] 10.0 [3.5] 9.7 [3.5]
70 1.2 0.6 [2.0] 0.4 [1.4] 1.0 [3.4] 21.6 [8.2] 21.9 [8.3] 21.5 [8.1]
80 0.9 0.5 [1.7] 0.4 [1.2] 0.9 [2.9] 26.0 [10.4] 26.4 [10.5] 25.8 [10.3]
90 2.6 2.0 [6.0] 1.5 [4.3] 3.5 [10.3] 7.7 [3.2] 7.8 [3.2] 7.6 [3.1]

100 1.4 1.4 [3.8] 1.0 [2.8] 2.4 [6.6] 12.6 [5.4] 12.8 [5.4] 12.5 [5.3]
110 0.9 1.0 [2.7] 0.7 [1.9] 1.7 [4.6] 18.9 [8.2] 19.2 [8.3] 18.8 [8.2]
120 1.1 1.6 [4.0] 1.1 [2.9] 2.7 [6.9] 13.3 [5.9] 13.5 [6.0] 13.2 [5.9]
130 1.8 3.0 [7.3] 2.1 [5.3] 5.1 [12.6] 7.6 [3.4] 7.8 [3.5] 7.6 [3.4]
140 1.9 3.5 [8.4] 2.5 [6.0] 6.0 [14.3] 7.0 [3.2] 7.1 [3.3] 7.0 [3.2]
150 1.6 3.5 [8.2] 2.5 [5.9] 6.0 [14.1] 7.5 [3.5] 7.6 [3.5] 7.4 [3.4]
160 1.1 2.7 [6.3] 2.0 [4.5] 4.7 [10.9] 10.2 [4.8] 10.4 [4.8] 10.1 [4.7]
170 0.6 1.7 [4.0] 1.3 [2.9] 3.0 [6.8] 17.0 [8.0] 17.2 [8.1] 16.9 [7.9]
180 0.9 2.7 [6.1] 1.9 [4.4] 4.6 [10.4] 11.6 [5.5] 11.8 [5.6] 11.6 [5.4]
190 0.9 3.2 [7.1] 2.3 [5.1] 5.5 [12.2] 10.4 [4.9] 10.5 [5.0] 10.3 [4.9]
200 0.9 3.3 [7.3] 2.4 [5.2] 5.7 [12.5] 10.6 [5.1] 10.8 [5.1] 10.5 [5.0]



Bounds from cosmology

DM annihilation rate ∝ ρ2 is enhanced in the early universe: its products can

1. affect BBN at T ∼ MeV fragmenting 4He, D, 3He. . .

Their primordial abundances are not safely known.

2. affect CMB reionizing H after matter/radiation decoupling, z <∼1000.

3. heat gas after structure formation z ∼ 10.

Depends on unknown non-linear small-scale DM clustering.

1, 2 and 3 give comparable constraints at the PAMELA-level, σv ∼ 10−23 cm3/sec.

2 is stronger and robust and can be improved by PLANCK.



Conclusions

The PAMELA, FERMI-ATIC, HESS e± excesses attracted most attention.

They could be due to astrophysics or to unexpected DM as follows:

× 2e channel gave the ATIC peak, not the FERMI e+ + e− excess.

× τ channels give too much γ.

× W,Z, q, b, h, t channels can only fit PAMELA e+ and give too much γ.

• 3 TeV DM that annihilates in 2µ,4µ,4e. But only if the injection term is

quasi constant: i) Isothermal profile; ii) DM decays.

DM predicts that the e+ fraction must grow. DM IC-γ must be in FERMI sky.

Summer 2010: XENON results

November 2010: AMS launch with Obama non-superconducting magnet

Planck 2011: results from Planck


