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χ D.M. ν I.D. G.C. Upper Bound Discussion Concl.

Neutralino Dark Matter

Pressing need for cold DM on widely different scales:
galactic, cluster, large scale structure, cosmological
Bertone et al. (Phys. Rep.) hep-ph/0404174; see Sanglard

Known particles: seemingly excluded (baryons, neutrinos?)
Want a new particle χ:

the least ad-hoc possible (no DarkMatteron)
with cosmological lifetime Γ−1

χ ∼
> 10Gyr ≈ 5 1041GeV−1

But αχ
.
=

Γχ

mχ ∼
< 2 × 10−42 GeV

mχ
recieves n-loops contribs. ∼ αn

QED,EW
unless protecting symmetry (e.g. B for protons)
⇒ Supersymmetry sticks out (+RP to stabilize LSP)

Neutralino (
.
= mixture of Majorana SUSY partners of scalar and EW gauge bosons)

is a well studied and fairly predictive candidate, e.g. :

Relic density Ωχ after thermal decoupling, fixes annihilation
cross-section: σ(χχ→ X ) ∼ Ω−1

χ & constraints parameters
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Neutralino (

.
= mixture of Majorana SUSY partners of scalar and EW gauge bosons)

is a well studied and fairly predictive candidate, e.g. :
Relic density Ωχ after thermal decoupling, fixes annihilation
cross-section: σ(χχ→ X ) ∼ Ω−1

χ & constraints parameters

CMSSM Models: 50GeV < m0 < 4000GeV, 50GeV < m1/2 < 2000GeV, A0 = 0, tan β = 5, 20, 35
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unless protecting symmetry (e.g. B for protons)
⇒ Supersymmetry sticks out (+RP to stabilize LSP)
Neutralino (

.
= mixture of Majorana SUSY partners of scalar and EW gauge bosons)

is a well studied and fairly predictive candidate, e.g. :
Relic density Ωχ after thermal decoupling, fixes annihilation
cross-section: σ(χχ→ X ) ∼ Ω−1

χ & constraints parameters

+ Non-Universal models: idem with M2|GUT = 0.6m1/2 or M3|GUT = 0.6m1/2
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Neutrino Indirect Detection of Dark Matter

Indirect DM detection looks for
DM annihilation products

Annihilation revived where DM
can accumulate, eg: sun or
Galactic Center (see later)

Expected up-going µ flux from
neutralino annihilation in the
sun:

within Antares reach after 3
years for best case
( i.e. focus or “half-split susy” models

with higgsino fraction)

spans 7 orders of magnitudes,
despite WMAP constraint on
relic density
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Comparison with Direct Detection

Annihilation rate in the sun in
fact fixed by capture rate (equil.)

Capture rate in the sun dictated
by σspin

χ−p
↔ spin-dep. Direct Detection

For comparison: sensitivities to
σscal

χ−p ↔ spin indep. D.D.

Complementarity with I.D. from
sun
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ν Spectra from Annihilation Channels

Higher energy neutrinos: easier to detect (both σνN and µ range ∼ Eν)
⇒ distinguish between

χχ
χ+

−−→ W +W−

τ+τ-

-
bb

t t
-

W+W-

1

1e-1

1e-2

1e-3

1e-4

Differential neutrino spectra

Mχ/4 Mχ/2 3Mχ/4 Eν

→ hard neutrinos
and
χχ

A
−→ bb̄

→ soft neutrinos

Dominant annihilation
channel depends on
SUSY parameters.

NB: direct χχ→ νν̄

forbidden for Majorana χ
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Uncertainties in the Galactic Center: Photons

Rotation curves feel

Mχ(R) = 4π
∫ R

dr r2ρχ(r) ∼ ρχ

(dominates far from center)

I.D. fluxes feel

J (ψ) =
1

8.5 kpc

(

1

0.3 GeV/cm3

)2 ∫

line of sight
d sρ2

χ (r(s, ψ)) ∼ ρ2
χ

(dominates at GC)

Depending on ρχ(r), J from
Jiso = 30 to JMoore = 1.5 105,
or even more (spike on CBH)

⇒ Uncertainties > 108

EGRET could see some modelsJ. Orloff @ Moriond 05 VHEPU Max ν flux from DM annihilation in GC
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Uncertainties in the Galactic Center: Neutrinos

Flux of up-going muons: same
astrophys. J uncertainties

Particle physics uncertainties:
103

Very low fluxes:
seem out of reach

How to make a robust
statement?
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Model-independent Upper Bound on Neutrinos

In any model: hard to make a
neutrino without a gamma
(e.g. hadronic cascades c.f. Pohl)

Can’t make more photons than
seen in the GC
e.g. at E∗ = 2GeV by EGRET

⇒ the rescaled flux above Eth

φmax
µ (Eth) =

φNFW
µ (Eth)

φNFW
γ (E∗)

φEGRET
γ (E∗)

provides a J-independent upper
bound

J. Orloff @ Moriond 05 VHEPU Max ν flux from DM annihilation in GC
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Neutrino Upper Bound: Annihilation Channels

Remaining Susy model
dependence:
explained by dominant
annihilation channel ( .= BR>0.4)

Clearly extends beyond
neutralino case studied here

Largest possible ν fluxes are
also hardest
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Discussion: Loopholes

Absorption of γ’s from annihilation?
No: mean free path of a photon is about

λγ ∼ 100kpc
Eγ

1GeV
105cm−3

ne

Pure νν̄ channel?
Impossible for Susy neutralino,
not easy for non-Susy DM:
e.g. for Kaluza-Klein DM the annihilation channel exists (via t-channel
exchange of KK ν), but far from alone.
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Discussion: Improvements

The bound is robust, but too generous and can be improved.

SgrA* fraction of EGRET source
< 100%: since it is displaced,
only < 5% chances of being SgrA*.

Using Hess data:

similar bound was obtained for
γ’s >60GeV.
extrapollating Hess signal
(∼ 10−10cm−2s−1) c.f. Rolland

⇒ decrease neutrino bound
by ∼ 100 for large Mχ

For standard (non-susy) ν flux:

see Crocker et al. (astro-ph/0411471)
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Conclusions

Model-independent robust upper bound on up-going muon flux:

Φµ < 300 km−2 yr−1 for Mχ < 700GeV

Can be improved by ∼ 100

Dark Matter indirect detection in the Galactic Center is not an
argument for building a km3 neutrino telescope in the N. hemisphere

Finding a low energy neutrino signal from the G.C. would pose a
problem to find a DM candidate coupling only to neutrinos.
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