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Exciting Dark Matter XDM FNAL, May 10,200/

Outline:

®INTEGRAL 511 keV line
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Exciting Dark Matter XDM FNAL, Maz 10,2007

Ways of detecting WIMP dark matter:
(in increasing degree of speculation)

Gravitational force (rot. curves, lensing, CMB)
Direct detection (e.g. nuclear scattering)
Annihilation (gamma-rays, particles, microwaves)
Inelastic scattering (pairs, cluster heating, BHs)

Dark Matter may be more than an inert
substance that is gravitationally “along for the ride.”




Haze, EGRET summary XDM ENAL, Max 10, 2007

Consider the 511 keV line / continuum from
positron annihilation, observed by many balloon
and satellite experiments, most recently CGRO/OSSE

and INTEGRAL / SPI (Weidenspointner et al.,
Knoedlseder et al. ...)

The unexplained excess is roughly a 6 deg FWHM

Gaussian with a total of
3x10% pairs/s = 3x103? GeV/s = 5x103¢%erg/s

This is very roughly the power from the bulge region
dissipated by the haze electrons, EGRET excess, etc.
s this a coincidence!
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Integral / SPI: (spectrometer)
*Energy range: 20 keV - 8 MeV
eDetector area: 500 cm?

*Field of view: |16 deg (fully coded)

°Angular resolutlon 2.5 deg FWHM
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With this spectrograph, one can look at the
1.8 MeV 2%Al line, the 51| keV e*e" line, etc.

26| traces massive star formation (| €. SNe)




Radlioactive 2°Al in the Galaxy

- first results from SPI/INTEGRAL -

- gpectral signature of the radicactive
| decay of the isotope ®Al
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radioactive decay in the
galactic centre region

synthesis of new elements by
o , super-massive stars in the
R CVYanus constellation © 2003 the SPI collaboration
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*Most (92+-8%) of the positrons form positronium (Ps,
an e*e” atom) before annihilating. (Weidenspointner 2006,2007)

*3/4 are ortho-Ps and annihilate to 3 photons
* | /4 annihilate to 2 photons (511 keV line)




Weidenspointner (2006)
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A fit of the SPI result for the diffuse emission from the GC re-
gion (|/[,|b| < 16°) obtained with a spatial model consisting of an 8°
FWHM Gaussian bulge and a CO disk. In the fit a diagonal response
was assumed. The spectral components are: 511 keV line (dotted),
Ps continuum (dashes), and power-law continuum (dash-dots). The
summed models are indicated by the solid line. Details of the fitting
procedure are given in the text.
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*Most (92+-8%) of the positrons form positronium
(Ps,an e*e” atom) before annihilating. (Weidenspointner 2006)

*3/4 are ortho-Ps and annihilate to 3 photons

* | /4 annihilate to 2 photons (511 keV line)

eDoes the Ps emission trace star formation also?




(2006)
G. Weidenspointner et al.: The sky distribution of positronium continuum emission
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No.

*The positronium signal is centrally concentrated.

*There is a disk component, but much fainter.

*The disk component is roughly what we expect from
SNe la; the bulge component is |0 times brighter than
expected.

eKalemci et al (2006) find positron escape fraction is
too low anyway.

e After 37 years of work, we don’t know where the
positrons come from.
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L DM (light dark matter, mass ~ 3 MeV) annihilation
has been proposed (Boehm et al 2004) but DM at this
mass scale is not well-motivated.

*Weak-scale DM (mass ~ 100 GeV - | TeV) is better
motivated, ‘naturally’” has the right cross section to
give the correct thermal relic density. Annihilation in
MWV even gives enough power to make the SPI signal!

*But... must cascade each e*e" pair to produce ~ 10*
low-energy pairs.

*Cascade requires column densities of ~ 102/ cm-?



XDM FNAL, May 10,200/

Weak-scale DM annihilation doesn’t work.
LDM annihilation does work, but seems a bit contrived.

If we are going to engineer a particle to solve the
problem, maybe we can do better.

o '- & v
LS VATAR [ ] A\ | ¢ 2 M D YRR 2 ! ) s e o S, E i e R T R e R A T A
LEDY e Yt D); @'1" a AR ,a}j | g B <] ,;.. DA AT ASa-\©& IANRE T CEE &% i i S i R P g R ERLTE R i et R Az e
y Ao Ry S e e l.-' et @RI ol b e ¢;1_;¥:h-.:r:»l i AR s '-.4'.."'_'.-;‘F'-‘. "y SR P e = L o i ey I S e 4 R ¥y
S o o R v = LY " =ty Ol £

8 g
A B ol




XDM FNAL, May 10,2007
IDEA: eXciting Dark Matter (XDM)
K.E. of pair of 500 GeV WIMPs moving
at relative speed of 850km/s = | MeV

If WIMPs have a ground state & excited state,
with ~ MeV mass splitting, they could collisionally
excite and decay to ground-state WIMP plus e*e.

e.g. neutron-protron mass difference, split by a weakly
broken isospin symmetry. Mass splitting << mass;
protected against radiative corrections by the
approximate symmetry.

Let’s try the same thing...  arXiv:astro-ph/0702587



http://www.arxiv.org/abs/astro-ph/0702587
http://www.arxiv.org/abs/astro-ph/0702587

FIG. 4: Excitation diagrams for yx — x™x.




FIG. 5: Decay of the excited state into the ground state.
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FIG. 6: Diagrams contributing to thermal equilibrium in the
dark sector and between the dark sector and the visible sector.
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Other details:

¢ boson has mass of ~ 10-100 MeV,
correct cross-section for scattering (~ 1026 cm?)

BBN results are unchanged.

Interactions between y, ¢ keep y in thermal
equilibrium until freeze-out; no change to thermal
relic calculation (other than we have 2 species!)

Weak-scale annihilation cross section gives correct
density to be the DM (determined by gauge coupling)
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Important point:

Excitation arises from exchange of relatively light
boson, so naturally has larger cross section than

annihilation
(which is suppressed by the WIMP mass)

Oann / Oscatter =~ IO-S
o0/M~ 107

This feature is essential to the success of XDM.

S0, how does the model compare to INTEGRAL?
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Why is there only one parameter to tune!

The mass of the ¢ determines both the scattering
cross section AND the ¥ mass splitting.




XDM FNAL, May 10,2007

Rather astonishing point:

I”

The original naive “model” of mine to explain the
microwave haze with WIMP annihilation assumed that
WIMPs annihilate directly to e+e- with efficiency of
order 10-100%.

Everyone said “no can do!”

The @ mixing to h gives branching ratio
of ~100% to e*e (if @ lighter than 2 muons)

i.e. our y particle has a weak-scale annihilation cross
section to electrons!
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Once again, we find exactly what we need, without
having contrived anything -- or even expecting it to
work!
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Potential observable consequences:

*Cluster heating
*BH formation / super-Eddington accretion

L]
*high-z 2| cm
L]
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XDM FNAL, May 10,2007

Cluster heating:

Because of velocity dependence, might get much
more excitation in massive clusters (but not more
than |-2 orders of magnitude more).

This would then provide a source of significant
heating. (via scattering, Alfven wave excitation, etc.)

In extreme cases, the non-thermal tail of the electron
energies would distort the SZ effect.
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BH formation:

Need seed BH of 200 Msun at z=30 or
10* Msun at z=15 (Li, Hernquist, etal)
in order to make z=6.4 SDSS quasar.

DM should collapse inside of radius where
tH nov > |

yielding BH in the very largest halos even at
early times (i.e. as soon as they collapse).

(Greg Dobler, Nikhil Padmanabhan)




XDM FNAL, May 10,200/

High-z 21cm observations (MWA, LOFAR, etc.)

The possible formation of BHs at early times should
ionize bubbles in the HI.

Later, the heatlng from the palrs in Iarge halos may
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XDM FNAL, May 10,200/

Make ¢ in Accelerators!?

Hard to do, since coupling can be very weak.

But... IO 100 MeV has not been cuttlng edge
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Potential observable consequences:

eCluster heating
*BH formation / super-Eddington accretion
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XDM FNAL, May 10,2007

Conclusions:

We have proposed a WIMP with two nearly
degenerate mass states, resulting from a weakly
broken symmetry. Collisions cause transitions to the
“excited” state; decay emits e*e” pair.

| have described one model, a Majorana fermion, that
does this.

The XDM idea is more general than this,
i.e. there are other realizations of this basic scenario.
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Conclusions:

Any XDM model has the potential to explain:

o511 keV line

*VWMAP microwave excess

*EGRET gamma-ray (~10 GeV) excess
*HEAT positron (50 GeV) excess

...and possibly other astrophysical mysteries

There is a rich phenomenology from both particle
physics and astrophysical perspectives.
This class of models is worth exploring in detail.
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