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@ Basics on DM and DM detection
@ Key Points of this work
@ procedure and results

@ the arrival point



most of the Universe is Dark

-mass to light ratio
Qum 0.01 in typical systems

-BBN
-CMB

| Qpm ~0.29

- CMB + SNIa
| - CMB - DM
- acoustic peak in baryons

(Qx = pp—fz; CMB first peak = Qior = 1 (flat);
HST h = 070 =000 )
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-mass to light ratio
Qum ~ 0.01 in typical systems

-BBN
-CMB

- CMB + SNIa
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- acoustic peak in baryons
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1) galaxy rotation curves

2) clusters of galaxies = 0.4

3) CMB+LSS+SNIa

QM ~ (.30 £ 0.04

Ny
DM iIs there.

What is DM?



A Weakly Interacting, Massive Particle
has
the correct relic abundance today.

Boltzmann equ. in the Early Universe
6 10 % cm?s ™!

QX A
(Tantl)
Weak cross section:
2 2
i a e .,
<O-ann/U> G —2 Sa, 9
100 GeV
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QX B O(feW 01)
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- with R-parity, SUSY naturally provides a
stable massive WIMP
- in most realizations it is a neutralino

Xi== X(1) — Nué o N12W3 i N13ﬁ? o N14ﬁ§
B AV

gauginos higgsinos

gaugino fraction: higgsino fraction:

fo = INul® + | Niaf fr = |Na3|® 4 [N14f?
and m, ~ O(100 GeV)
But other possibilities are open
(SUSY: sneutrino...)
(KK DM, superHeavy DM, technibaryon.....)




production at colliders

direct detection DAMA

from annihil in galactic halo or center

(line + continuum) EGRET, WMAP
indirect from annihil in galactic halo or center |- AT

from annihil in galactic halo or center

from annihil in galactic halo or center

from annihil in massive bodies
NB: - a clean channel ( v, e, p are deviated/absorbed...;
we know the physics of v
and of the astro body)
- complementary to collider production!
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Earth

Capture rates






So far, no events seen; but they are “around the corner”.

For discovery, Yyou need a reliable prediction of how
the neutrino signal looks like.

After discovery, you want to reconstruct DM properties
from its neutrinos.
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from its neutrinos.

For these purposes:
(A) oscillations + interactions _

(B) neutrino spectra, not only rates

(C) VesVyand v, not only v,






DM % /6;'\’

DM

numerically: PYTHIA 6.2 -

O(100 GeV) O(tens GeV)

Main variables of the game:

- MDM 5
- BR in primary channels X X (= 7.bb,v0, ZZ W W™ .. )



MpM — 50 GeV ™MpM — 100 GeV

mpm = 100 GeV mpm = 200 GeV
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V,, from 50 GeV XX annihilations

mpm = 50 GeV

10
v, energy in GeV

- XX Wl f

- proportional to ™ ¢

- av. energy set by mp

- hard spectrum from 77
soft spectrum from bb

footnote:

for h-mediated channels
BR(bb)/BR(77T) = 3mi/m?2 ~ 20
but in general independent
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V,, from 100 GeV XX annihilations

_ X
Y — DWW

- “prompt” v +
“secondary” v
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Table 1: Fit parameters for the expression g(x) i eq. (7). Gwe the v, = v, = v, = 1, spectra at
production from annihilations in the Earth/Sun. DM masses are in GeV. These data are available
at !'ri?ﬂf.
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vacuum mixing:
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vacuum mixing: matter effect (MSW):
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CC absorption
and fau regeneration
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NC scatterings




Effects of oscillations and interactions:

- reshuffle of the 3 flavors
(oscillations and regeneration)

- attenuation of the fluxes

- degradation of energy
(distortion of spectra)
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V,, from 50 GeV XX annihilations in S core
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V,, from 50 GeV XX annihilations in S core
mpm = 50 GeV

- OSCILLATIONS!

atmospheric oscillations with
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- BACKGROUND: from
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-known angular extrapolation
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V,, from 400 GeV XX annihilations in Suns core
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U+ from above: 20U BUT...
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An example: a DM particle of
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1) galaxy rotation curves
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NGC 6503

1) galaxy rotation curves HESSSSES

1 milliam light years

2) clusters of galaxies
- “rotation curves”
- gravitation lensing
- X-ray gas Temperature

250000 light yaars

5 Abell 2390: Chandra {ACIS)
1 millign light years

MS52137.3-2353: Chandra {ACIS

MS52137.3-2353: HST
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2) clusters of galaxies
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The resuit for the relic abundance i1s
Q1 =Y ysom,/(pei/B?) = 2.82 x 10°Y (m,/GeV

where

Y ! =0264gL% mpm, {a/x; + 3(b — ta)/x}} .
The freezeout epoch x; = m,/T; 1s determined by

x¢ = In [0.0764mp (a + 6b/x¢)c(2 + cym, /(g .xe)'*]

which can be solved iteratively to the required precision.




neutralino mass matrix in MSSM (B — W3 — HY — HBasis)
M- 0 —MzCaSWw  MZS3SW
0 Mo mzcgCw  —MzSECWw

Moes

—MzCBSW  MzCRCW 0 — L

MzSgSw  —MzSgCw — 0
superpotential
W = —uHi1Hs + Hih¥ L1:€r; + Hihi QiD= Haht) Or.Ug;

soft SUSYB terms
1 S — A
Lsoft = _5 (MlBB i MQW W + MgG Ga)

tan 8 = ——

~
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basics: DM particle scatters with nuclei and loses energy
if vy < vesc particle is gravitationally trapped

it spirals to center of body, accumulates and annihilates
Bhalo = 2 10%kmi/s
Uik ~620 km /s
DS o 212 km /s
equilibrium attained:

. 2
== C(Ca,pt R Cann T

\Ucapta ‘/eff

Ntk = \/gcapt tanh <E> ( ) )
T =
cr v/ Ceapt Cann

Dlt) = —25ganis? (
2

T

Sun: equilibrium attained
Earth: maybe
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Earth/Sun: - capture rate (volume, cross section)
- escape velocity
+ closer




DAMA annual modulation: st

-raw data??
-bkgd (Rn emission)
-higher bins not expon suppressed
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Cross-section [cm2] (normalised to nucleon)

DATA listed tog) to bottom on plot
DAMA 2000 58k kg-days Nal Ann.Mod. 3sigma,w/o0 DAMA 1996 limit
ZEPLIN I Preliminary 2002 result
Edelweiss, 32 k -dags Ge 2000+2002+2003 limit
CDMS (Soudan% 2004 Blind 53 raw kg-days Ge
XENONI10 (10 kg) projected sensitivity
Bottino et al. Neutralino Configurations gOmegaWIMP < OmegaCDMmin)
Bottino et al. Neutralino Configurations (OmegaWIMP >= OmegaCDMmin)
CDMSII (Projected) Development ZBG
XENON100 (100 k: )T[ilrojected sensitivity
Chattopadhyay et. al Theory results - post WMAP
050501164001~ | Ja Lahanas and Nanopoulos 2003

: Baer et. al 2003
1 2 Kim/Nihei/Roszkowski/de Austri 2002 JHEP
10 10 Ellis et. al Theory region post-LEP benchmark ;S){oints

[ Masiero, Profumo and Ullio: general Split SUS
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EGRET excess WMAP “haze”

Difference
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however:

- source not centered

- variability...

+ CANGAROO (2004)
+ HESS (2004)

(Synchrotron rad from ete™ from DM annihilations)

The Galactic emission found by Finkbeiner (2004) in the WMAP data in excess of the

expected foreground Galactic ISM signal may be a signature of such dark matter annihilation.



HEAT excess (1994+95 & 2000)
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-random trajectories in magnetic field
-flux requires too much DM...

tan8=28.6

m, =122 GeV
7,/(1-Z)=2.35
Aa,(SUSY)=16.8x10-1°
N=0.720, B,=116.7
x*=1.38/dof

L
+
+
.m.
-
-
tH]
=
2
4
(]
un]
|-
T
=
[
N
e
vl
]
o
O

101 10#
positron energy (GeV)
















DM mass

mpwm

vv

bb

DM annihilation channels in the Earth/Sun

TT

CcC

qq

tt

Z7

50 GeV
100 GeV

1/0.71
1/0.50

0.51/0.68
0.69/0.63

3.9/3.0
2.1/2.5

0.33/0.61
0.49/0.56

0.50/0.68
0.46,0.65

_/_
1.0/0.71

200 GeV
400 GeV
1000 GeV

1/0.25
1/0.07
1/0.01

0.86/0.54
0.95/0.44
0.99/0.29

1.3/1.7 0.75/0.49
1.1/0.81 0.90/0.41
1.0/0.20 0.98/0.32

0.54/0.58
0.72/0.50
0.92/0.41

1.00/0.60
1.00/0.31
1.00/0.09

1.0/0.39
1.0/0.17
1.0/0.04

1.0/0.03

Table 3: Ratios of through-going muon rates ‘with’ over ‘without’ the effects of the neutrino
propagation, for DM annihilations around the center of the Farth/Sun. E.g. the bottom-right

DM mass
mpm
50 GeV
100 GeV
200 GeV
400 GeV
1000 GeV

DM annihilation channels in the Earth/Sun

127 bb
100/89 11/10
100/77 9.9/8.5
100/56 13/7.0 22/25
100/28 12/5.2 22/18
100/7.7 10/1.3 26/8.4

77 WYW-
D AR == o oE
11/8.2 25/32 —/— 33/28 40/41
15/6.5 2.6/2.4 15/13 33/21 40/31
13/4.7 2.5/2.0 15/9.3 31/13 41/20
10/2.7 2.2/1.1 15/5.0 32/5.6 41/7.8

T cC qq tt
32/32

25/30

Table 4: Average percentage energies in units of mpy of ), produced by DM annihilations around
the center of the Farth/Sun, computed for various annihilation channels and for various DM







