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first glimpse of dark matter

® [-rilz Zwicky: Used Doppler shift to measure peculiar
velocities of galaxies at the edge of the Coma Cluster

e Assuming virial equilibrium, found that most of the mass
of the cluster must not be visible.

“If this [overdensity] is confirmed we
would arrive at the astonishing
conclusion that dark matter is present
in Coma) with a much greater density

than luminous matter.”
F. Zwicky, Helvetica Physica Acta 6: 110-127 (1933).
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DISTRIBUTICON OF DARKE MATTER IN NGC 3198
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Evidences — galaxy scale
10k C GM (r)
 From the Keplers(law ‘\/ r forr

much larger than the luminous terms, you should
have ve<r-¥2 However, it is flat or rises slightly.
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Evidences — cluster scale (Mpc)

e Cluster contains hot
gas which is at hydro
static equilibrium. It’s
temperature follows,

.9 T
e LTI

GM(r)  kgT [dlogp dlogT
dr ' dr

emission measures the
temperature and
M/M =20

visible



Evidendi®

* Weak lensingjy
Images of bad
foreground cl

: ol -
Galaxy Cluster Abell 2218 HST « WFPC2

C I u Ste r m aSS . NASA, A. Fruchter and the ERO Team (STScl) » STScl-PRC00-08

Sunyaev-Zeldovich distortion measures
the distortion of CMB passing through
cluster, which measure the temperature of
the gas and therefore the mass of the
cluster.

e ...Other measurements
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Evidences — cosmological scale
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T =e . _ luminous disk

10 R (kpc)

M33 rotation curve

20 Days Afier Explosion

Dark matter (dark energy) exists
In the universe. However, we
have to figure out its property.




New EROS
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baryonic.
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The universe is the ultimate laboratory to study fundamental
physics.......
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The WIMP miracle: for
typical gauge couplings
and masses of order
the electroweak scale,
Qwimph2 ~ 0.1 (within
factor of 10 or so)
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Different approaches to search for Dark Matter

Efficient production now
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Detector Techniques - Present Focus : Nuclear Vs Electron recoils
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Wimp direct detection experiments
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DM Direct Search Progress Over Time

Searches Past,Present & Future
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Ve = Vg + UpppC0sy cos|w(t — tp)]

R; = RY + S}cos|w(t — tp)],



2-6 keV
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Fail timing criterion
Pass timing criterion
Neutron density
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1. inelastic Dark Matter (iDM)

Hall, Moroi and Murayama, PLB 424, 305, 1997,
Weiner and Tucker-Smith, PRD 64, 2001.
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Spin-Independent Projected Sensitivity
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New experiments and sensitivity Improves

Direct Detection:
Selected Upcoming Results/Experiments
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What Tools Do Vl\ﬁ‘y_ge?

LHC

Auger and HiRes measure the
highest energy cosmic ray flux,
spectrum, and anisotropy

ICECube searches for TeV neutrino
sources — the most direct signature
of hadronic accelerators

Fermi detects thousands of new
GeV sources

VERITAS, HESS, MAGIC, and
CANGAROO image and measure
spectra and variability of TeV
sources

Milagro/HAWC, Asy/ARGO image —
large-scale structures and searches
for new and transient TeV sources

AMSO02 (space-based antimatter -
search ), PAMELA measure _ i
ANTIPROTON, POSITRON

PLANCK/SNAP i

Pamela - 06320_56




Wimp indirect detection experiments

SPACE: EGRET, GLAST, PAMELA, INTEGRAL, AGILE, AMS-2...
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G.Gerbier 2nd Sino French conf on Dark Universe - Beifing awg 2008




Indirect detection of dark matter --
Gamma rays

...........

Y & Vs

'Cou&esy P. Salat__i

XY = —>T =)y © Fluxis large, not
definitive signal
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Nature 458, 607 (2009) Phys.Rev.Lett.102:051101,2009

>700 citations after submitted on 28th Oct. 2008
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Honeycomb P5
ATIC results showing agreement with previous data at lower

| | with the imaging calorimeter PPB-BETS at higher energy. The
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electron differential energy spectrum measured by ATIC (scaled by E*) at the
top of the atmosphere (red filled circles) is compared with previous
observations from the Alpha Magnetic Spectrometer AMS (green stars)’,
HEAT (open black triangles)*®, BETS (open blue circles)*?, PPB-BETS (blue
crosses)'® and emulsion chambers (black open diamonds)*®’, with one

sigma uncertainties. The GALPROP code calculates a power-law spectral



AMS (2002)
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Astrophysical sources EXxotic sources
Nearby SNRs, pulsars Dark matter annihilation
Propagation effects Dark matter decay

Early SN stage interaction
of CRs
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1) nonthermal production

2) Sommerfeld enhancement

3) Breit-Wigner enhancement

4) dark matter decay



o BiRZELEOR, FRARY) B IR A )
AT P AT LA TR

o ATIC. Fermilll=H RS A BHYE, T 28
Py SEIG 45 R GEmE N RE A 2 T Rk




Ferm

| new results

0°<1<360° 10° < |b| <20°

10~
<]<360° 10° < |b| <20° ] [ ’
- L - » r
/////
i
_Il_ '_I'_
4 4] 1771
‘."II II
5 5
c 5 10”0 F
= =
~ * EGRET =
w ® IAT =
- -
— =
-.";I:j_‘_' -."l:j__
-3 -4
107 = - . 100 =
10° 10° 10 10

E, (MeV)

E. (MeV)

o1 L L5 2 W e v ] DAAR 4 HB g 7 H 2 TS 45 SR
&, UWHHCRMIAARIIAE BAE Y PR+ 5 11

LI IR 2 ) e U o
eFermi I S B ) P ) 15 5




Geobhvsical conditions
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lcm Scintillator Strip (Y)

LIcm Scintillator Strip (X)
2mm Li Glass

= 1.00m

- 5cm Plastic

Tungsten Scintillator Sandwich Calorimeter
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Large High Altltude Air Shower Observatory
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CERN NEUTRINOS TO Gj
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The framework to understand

OE m*
From the dispersion relation E?=m2+p?, we get the group velocity V= =1-

ap  2p

In order that v > 1, we have two options 1) m2 <0; 2) modify the dispersion relation

For the tachyon scenario, the lower energy its velocity is much bigger than 1. this
scenario is ruled out by the SN1987A data.

For the second scenario, the Lorentz symmetry is broken perturbatively

E?=m?+p2+Ep?, with € is a small parameter. Then we get v — ok 1 m* é

o 2p2 2

Take ¢=5 X 10-°, we get the velocity is greater than 1 by 10




Conseguence of Lorentz invariance violation (LIV)

Many exotic processes will be induced by the superluminal neutrinos if it is
interpreted at the LIV scenario, such as v->v+y vaccum bremsstralung, v->
v+et+e(NC), v-> p+e+v (CC). The NC process is discussed by Cohen and
Glashow that shows for neutrinos energy greater than 12GeV, it loses energy too
fast to be observed at Gran Sasso.

Besides the vaccum bremsstralung processes, we also considered the neutrino
production process: T->u+v, g->v+v+e. For superluminal neutrinos, these
processes are forbidden for high energy neutrinos.
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FIG. 1: The neutrino velocity constrained by the neutrino energy, for processes 7(K)* — ptv,

RU'(T) — Pu(r) + E(#) + ﬂe(,u)'

Taking the OPERA face value of neutrino velocity, we have E < 5GeV.
Opy < 3 X 10~7 As 43 GeV neutrinos are observed at OPERA.

0y < 2 x 107° As ~200 GeV neutrinos at FermiLab
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FIG. 2: The neutrino velocity constrained by the neutrino energy for the process 7+ — ,tL+V#, for

different values of «.



More stringent constraints by atmospheric and astrophysical
neutrinos

T — L+ Vv

. and g — v, + ¢ + . can constrain the neutrino LIV parameter.

But the constraints depend on the accuracy of the LIV on 1 and u. The process of

M->Tr+y, P->p+y, y->p+p gives constrains on ¢ < 107" (¢ |« (1!

Therefore these process at most give constraint on the order of 101, To get
more stringent constraint we can consider the process »: — V; =V, — I/, — € + €

. P
processes e — ey and v — ee give || < 1077

By calculating the three body decay of neutrinos we get the energy loss rate

s BN €\
L / I.'I, ' o 14 n—3 . 1A _,T |—1

The energy rate will deform the neutrino spectrum. By comparing the
neutrino spectrum we can get the constraint on the LIV parameter ¢. The
spectrum become s

(£o) dEo dEo — exp { / =dfe dbEU(f;)]dff]
0

dE
dt

o(E) = L

Ard? dE’ dE dEg ()
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FIG. 3: The expected atmospheric neutrino spectra with LIV parameters ¢ = 1071, 107! and

8 x 107! respectively. The measured data by IceCube is also plotted ! .

So, the IceCube observes neutrinos with energy up to 400TeV can constrain
¢ to ~1012
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FIG. 4: Expected neutrino spectra with LIV parameter £ = 107!, for sources at distances 0.3, 1.0

and 3.0 kpc respectively. The source spectrum is assumed to be proportional to E—2.

Astrophysical neutrinos can probe even smaller LIV parameter, down to
10-15




Summary

OPERA observed superluminal neutrinos, while the
possible systematic errors are still unknown.

There many theoretical studies. Actually most models
can be parametrized as a LIV dispersion relation of the
neutrino sector.

Our study shows that such LIV models are self-
contradiction in explaining of the OPERA result. Same
conclusions have been given by other studies.

Is it possible from some phenomena which obey Lorentz
symmetry? By quantum measurement, neutrino mixing?
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