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What is DARK MATTER ?

(PISSuana K ek !)

® Assuming it is made of PARTICLES

presumably (even necessarily)

having some INTERACTIONS

— NON-BARYONIC DARK MATTER

(Qdm —- 23)




DARK MATTER PARTICLES
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Recall:
“Lee-Weinberg” limit

on a heavy neutrino mass:

A weakly-interacting heavy neutrino

should be heavier than ~ 2 GeV

my; 2 2 GeV

to have
-Q-JM l'\t ~, |
given that
1
Qdm h2 0.6

with a weak-interaction annihilation cross section
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More precisely:

® Pim = (2) Nodm Mdm
=—> Factor 2 present
if Dark Matter particles differ from antiparticles

T.?
® Nodm =[1£1']_§'ndm
Ty

— [{-1-1-] dilution factor present IF m, < Tp < m,

This dilution factor is ABSENT, however, for

Lighter Dark Matter particles
(S afew MeV)

decoupling (at Tr = m/zr)

after most electrons have annihilated.

11 T3 - T2
® nodm [ T ] Tog'; < Uann 'Urel > —_— 1.66 g* -'n—l%

with g. depends on 7 and therefore on my,,

e Further factor ~ 2 of enhancement

of required annihilation cross section

for P-wave annihilation, for which

2
Oann Urel X U

(case of interest to us here)

8



Altogether — in the case of

v
Oann Ure] X v

(P-wave annihilation cross section)

we get:

o for self-conjugate spin-1/2 Ma \jorana particles :

< OannVret/c> =~ 4 -5 pb

¢ for non-self-conjugate spin-0 scalars:

< Oann UretfCc> ~ 8 - 10 pb

[self-conjugate scalars cannot have a P-wave pair annihilation cross section !]

Remember that:

1 pb = 1073 ¢m?2
1pb xc ~ 31072 cm3/s

These are in fact

“relatively large” annihilation cross section !

yes, but as compared to what ??
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SCALAR DARK MATTER
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DIFFUSE ¥-RAY BACK GROUND
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FIG. 1: Diffuse background spectrum as a function of pho-
ton energy. The crosses (HEAO), stars (COMPTEL) and
diamonds (EGRET) correspond to the observations [1, 2].
At low energy, Seyfert galaxies (dashed line) are the main
contributors [1]. At intermediate energy, SNIa (continuous
line), as calculated in this article, dominates. At high energy |
blazars (dot-dashed line) explain the observed cosmological
gamma-ray background [4]. Altogether the sum of the three
contributions (dotted line) reproduces it rather well. How-
ever, an additional contribution from light Dark Matter par-
ticles, of up to about 4 keV em~2 s~ sr™!, is not excluded
near 511 keV (indicated by an arrow).
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FIG. 4: Diffuse background spectrum. Crosses: HEAO data;
stars: COMPTEL observations. The three dotted lines cor-
respond to the contributions from Seyferts, SNIla and blazars.
The dot-dot-dot-dashed line represents the new positron con-
tribution to the cosmological gamma-ray background, for a
S_wave cross-section. This contribution for a P-wave cross-
section is also given for a NFW (dashed line) or Moore profile
(long dashed line). (The background as computed in [13],
significantly higher, is also shown for comparison, as a dot-

dashed line.)
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Constraints on LDM in the a—my plane, with a the velocity-indepen-
dent part in Gann Vrel - b is fized by the relic density, so that (o V) p ~ <
a+bv?>p ~ 1072 cm® s~ at freeze-out. The upper line a ~ 10~% cm?
s~ corresponds to a purely S-wave cross-section, and the lower part of
the diagram to a P-wave dominated one. We limit ourselves to the mass
interval 5 to 100 MeV.

The grey region is the one compatible with the galactic constraint,
based on the total level of emission, using the (Moore or NFW) dark-
matter distributions of Table I (its upper part corresponds to a Milky-
Way emission S-wave-dominated, with a behaving like 1/m ).

The dot-dashed line is associated with a LDM-induced background
(for a NFW profile) that would correspond to the missing 4 keV cm™>
st sr7l, the top left-hand corner above this line being excluded on the
basis of the cosmic background data. (Same for the dashed line with

Moore profiles.)
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Constraints on Light Dark Matter
from SUPERNOVAE

with D. Hooper and G. Sigl

LDM particles can play a role in core-collapse supernovae

if relatively large

annihilation and scattering cross-sections

(compared to neutrinos)

e Neutrinos stay in equilibrium (through weak interactions)

down to ~ 8 MeV in supernovae explosion (Up. ) 1),_.)

e LDM particles annihilate

staying in equilibrium until they decouple

(occurs at T~ my/17, during expansion of Universe)

¢ LDM particles can influence
behavior of neutrinos in supernova

by having relatively “large” interactions

with them




LDM decoupling temperature

(as a function of LDM-nucleon cross-sections):
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—> Neutrinos may be kept

longer in equilibrium

due to stronger-than-weak interactions with LDM particles



v decoupling temperature in supernova

possibly lower than in Standard Model

if DM particles

1) are sufficiently light

2) interact sufficiently with neutrinos

Crucial ingredient: magnitude of

neutrino/LDM scattering cross-section

Lighter LDM masses < 10 MeV

are practically excluded

UNLESS neutrino-LDM interactions
remain relatively small

compared to electron-LDM interactions

“small” neutrino-LDM cross-sections possible if:

e spin-0 LDM coupled through heavy fermions exchanges
(due neutrino chirality)

and /or

e small (or 0) coupling of U boson to neutrinos
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