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Tremendous achievements

The old DAMA region

The future?
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Where everybody is focusing

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



Gamma rays & GC excess

astro-ph/0208458 & hep-ph/030526
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A too heavy mediator means DM will overclose the Universe!

LIGHT (sub 10 GeV) DM = LIGHT MEDIATORS! A
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so likely to be a neutral mediator...
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Gamma rays & GC excess

astro-ph/0208458 & hep-ph/030526

DM should not shine at energies that we already scrutinised!
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Only depends on the DM profile
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Gamma rays & GC excess

astro-ph/0208458 & hep-ph/030526
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LIGHT (thermal) DM means p-wave annihilations or neutral final
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Light DM
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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)



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]
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arXiv:1306.5725, Gordon et al
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Direct Detection
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Claims from DAMA (and DAMA/LIBRA), CoGeNT
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Possible evidence for DM

No evidence for DM

arXiv:1405.0495

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

2 log normals = 6 parameters
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After marginalising: 1 sigma evidence
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Other CoGeNT analysis

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

TeVPA

' Conclusions

-------- Sum of fit results

= ——— Surface events
We perform an unbinned, maximum likelihood fit to g 300 P
the public CoGeNT data using extensive studies to & s I
separate bulk and surface events g B WDMPsignal

w

« We find a good fit to the data with our background
model

2 The likelihood gets worse when including a WIMP component
either as a standard halo or Sagittarius like stream

« Still to come

2 Try to understand the different conclusions with the likelihood
analysis performed by Collaboration — (Collar and Fields)

2 Look at more exotic signals (such as axion-like particles
scattering from electrons)

1 Set upper limits on the cross section




Residuals

DAMA/LIBRA
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Direct Detection
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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!

“COY” DM : arXiv:1401.6458 semi-annihilation :arXiv:1404.4977
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New way to probe the light sector?

DM interactions with neutrinos and photons.
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Conclusion

* Probably no DM signal at 10 GeV in Direct Detection
But 10-30 GeV 1s the mass range where thermal DM 1s compatible with indirect
detection and may explain the GC excess.

This could mean:

* “COY” DM (no DM 1n 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???

It so investigations of DM 1interactions on small-scale structures 1s the way to go!

We can probe the invisible!




Light mass range & constraints

LIGHT (sub 10 GeV) DM = Light mediators [l velocity dependent cross section

¢ or neutral final state

dm-._ ; [ o e >~9\, on g
dm~~~  U=Z [ > x

astro-ph/0208458
hep-ph/030526

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

B N : _ - dm

dm*

Boehm&Fayet, hep-ph/030526
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Light mass range: prompt gamma-rays

astro-ph/0208458 & hep-ph/030526

The (prompt) light DM prediction
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Prompt vs diffuse gamma ray emission
arXiv:1403.1987, Lacroix et al

mpy =30 GeV, B=3 uG, nyy =3 cm 7, b mpy =10 GeV, B=3 G, n, =3 cm 7, leptons

| == prompt only

| — prompt +1C +brem

E. (GeV)

®  diffusion changes the interpretation of the excess

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

arXiv:1404.4977

° ° ° ',)
Can we discriminate between final states: arXiv:1401.6458
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Impact of diffusion uncertainties

:?’Mgv Noas

T. Lacroix, CB, J. Silk, 2014
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Spin-off: an explanation to the 511 keV line?

mpy =90 GeV, 323 uG, n, =3 cm ?, b

gas

1
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10

e’ from b quarks

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

_mpy=30GeV_

 obtained using PPPD4
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Positronium formation

1073 107 101 10° 10!
E (GeV)

Losses fall below 13.6 eV so positrons stop there.

[Coulomb losses and Bremsstrahlung ~ 0]

start with this injection spectrum

Then e+ diffuse out
and accumulate down to a few eV
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Light mass range & constraints
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for E, > MeV

At least 5 orders of magnitude
larger than observations!!

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

velocity dependence or neutral final state! astro-ph/0208458
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Astrophysical DM Sum Astrophysical DM Sum

sources sources

v=33 GHz E,,=40 GeV . v=33 GHz E,,=800 GeV

Low frequency Low frequency

annihilating DM otal astro annihilating DM

v=143 GHz E;,~40 GeV ] v=143 GHz E;,=800 GeV

annihilating DM otal astro annihilating DM
v=857 GHz E,,=40 GeV v=857 GHz E,,=800 GeV

High frequency j High frequency
—— _ | ———

annihilating DM otal astro annihilating DM

800 GeV DM

High mass DM gives a signal
in HFI but not at low
frequencies




CoGeNT

What CoGeNT reports just a set of data points corresponding to the # of pulses

as a function of time
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Log-normal bulk events
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But those can be split info 2 populations: DM and background

The question is how to discriminate? CoGeNT's answer: lognormal
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take more time to rise because

they are happening in the part

of the detector where charge
collection 1s good

How to remove background? First determine the fraction Bulk to Surface!
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: ' “Log-normal bulk events | Ra*io For l energy bin

100 —  Bulk distribution (Log-narmal)
g {‘ — Surface distribution (Log-normal)

== Bulk+Surface distribution
& 1 CoGeNT Data |
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Integrate the blue distribution = total # surface events
Integrate the red distribution = total # DM events

Ratio gives the value bulk/surface for that energy bin!
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Repeat for all energy bins!
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Find the functional form! see the red curve and green band



Bulk fraction ®
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The spectrum you get does not contain

surface events anymore

multiply 1t with the total number of events (great histograms)

Bulk fraction R
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Only 1 sigma evidence

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

signal: rise time for 1 energy bin
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cross between surface and bulk rise time for each energy channel
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