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How far into the small-scale regime can we measure?

. Sterile Neutrinos?
. Thermal Gravitinos?

super WIMPS?

!
!

!

WIMP CDM
kc s 106 h MPC
(Zaldarriaga & Loeb 2006)
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cold dark matter: free streaming scale so small that it is
astrophysically irrelevant

warm dark matter: free streaming on galaxy scales

hot dark matter: free streaming on galaxy cluster or larger scales
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Potential problems with CDM aka “The small scale crisis”

* CDM may predict to many small mass objects

* CDM may predict DM haloes with profiles
which are to cuspy at the centre
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Free-streaming erases structure

cold dark matter warm dark matter
WDM 05keVv

30 comoving Mpc/h z=3
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cold dark matter warm dark matter

WDM 1 keV

Maccio & Fontanot 2009
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Dark Matter

Neut r.::fﬁ}tfi'ngm

Neutral hydrogen is an excellent tracer of the matter distribution
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Absorption by neutral hydrogen

n=4
n=3
n=2

electron

photon excited Aoy = 1216 (1+2) A

1216A —_—
hydrogen atom

energy levels
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Absorption by neutral hydrogen

n=4
n=3
s
electron
photon excited Ao = 1216 (1+2) A

121 GE —— ]
hydrogen atom

energy levels

Hydrogen in the IGM is photoionized:

Recombination Photoionization

n =1 n

a nHH e HI
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cold dark matter warm dark matter

WDM 1 keV

Maccio & Fontanot 2009
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Dark Matter

_'.‘-.'E?u:r.::i'ﬁ}'cfﬁgm

Galaxzes

Neutral hydrogen is an excellent tracer of the matter distribution
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Absorption by neutral hydrogen

n=4
n=3
n=2
electron

photon excited hoys = 1216 (1+2) A

121 63 — ]
hydrogen atom

energy levels
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Intensity

AN

Ll N N

1400

T RY ]
Aal Wi

Wavelength/A

Pirsa: 09120105 Page 26/1Q

PI-CITA day. 8 December 2009




-
—
LN
u
-
I
-

Wavelenath/

Pirsa: 09120105 Page 27/1Q

PI-CITA day. 8 December 2009







High resolution — High S/N
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High resolution — High S/N Low resolution — Low S/N
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SDSS flux power spectrum
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Pros:
« small statistical errors
= split in many redshift bins over
a wide redshift range
Cons:
« rather large corrections for noise
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» 3035 SDSS spectra

» low S/N (~5-15)

* low resolution
(~100 km/s)
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observed
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observed
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Viel et al. 2006,2007,2008

—
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M, >2.4 keV M, >4keV

These are the limits for thermal relics. For sterile neutrinos

the story is more complicated.
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DM is pretty cold

There 1s little room left for the
effect of warm DM on the DM

halo mass function (or DM halo
profiles).

Our best bet to pus this further

is probably looking at neutral
hydrogen before reionization with
21lcm emission.
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These are the limits for thermal relics. For sterile neutrinos

the story is more complicated.
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DM is pretty cold
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There is little room left for the
effect of warm DM on the DM

halo mass function (or DM halo
profiles).

Our best bet to push this further

is probably looking at neutral
hydrogen before reionization with
21cm emission.
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l etal
The CDM paradigm predicts many low mass objects
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cold dark matter warm dark matter

WDM 1 keVv

Maccio & Fontanot 2009
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CATS AND DOGS, HAIR AND A HERO: A QUINTET OF NEW MILKY WAY COMPANIONS'
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SDSS has substantially increased the number of sattelite galaxies in the
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cold dark matter warm dark matter

WDM 1 keV

Maccio & Fontanot 2009
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Maccio & Fontanot 2009
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At the heart of the matter: the origin of bul-
geless dwarf galaxies and Dark Matter cores

wernato’', C. Brook®, L. Mayer®’, A. Brooks’, G. Rhee®, J. Wadsley®, P.
Jonsson’, B. Willman®, G. Stinson®, T. Quinn' and P. Madau®
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The inner density profile of dwarf galaxies depends strongly
on resolution and the way star formation 1s implemented.
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DM is pretty cold

T A

There is little room left for the
effect of warm DM on the DM

halo mass function (or DM halo
profiles).

Our best bet to push this further

is probably looking at neutral
hydrogen before reionization with
21cm emission.
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Limits for sterile neutrinos produced by the Dodelson-Widrow (DW) mechanism

sin (20)
23 %%4444443
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Our Lya limit translates into
M >28 keV and completely
closes the window for DM
made up by sterile neutrinos
by the DW
mechanism. For vMSM the
ﬁ'ee-strem%j:ng and therefore
the limits depend on the
mechanism.
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Dark Matter Search Using Chandra Observations of Willman 1,
and a Spectral Feature Consistent with a Decay Line of a 5 keV
Sterile Neutrino

Michael Loewenstein'*, Alexander Kinenks'*
ABSTRACT

We report the resuits of a search for an emission line from radiatively decay-
ing dark matter in the Chandra X-ray Observatory spectrum of the aitra-faint
dwarf spheroidal galaxy Willman 1. 99% confidence line flux upper limits over
the 0.4-7 keV Chandrs bandpass are derived and mapped to an allowed region in
straints from Swszaku X-ray Observatory and Cheandra observations of Ursa
Minor and Draco dwarf spheroidals. A significant excess to the continmum. de-
tected by Htting the particle-background-subtracted source spectrum. indicates
the presence of a narrow emission feature with energy 2.51 +0.07(0.11) keV and
fux [3.53 = 1.95(2.77)] x 10® photons cm " &7 at 68% (90%) confidence. Inter-
preting this as an emission line from sterile neutrino radiative decay. we derive
the corresponding allowed range of sterile neutrino mass and mixing angle using
two approaches. The first assumes that dark matter is solely composed of sterile
with the sterile newtrinog mass of 5.0 = 0.2 keV and a mixing angle in a nar-
row range for which neutrino cscillations can produce all of the dark matter and
for which sterile neutrino emission from the cooling neutron stars can explain

arXiv:0912.0552v1 [astro-ph.HE] 3 Dec 2009

: measurement.
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Measuring i
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“It should be possible to choose
between various models of the
expanding universe if the
deceleration of a given galaxy
could be measured. Precise
predictions of the expected change
in z=dA\JA, for reasonable observing : :
times (say 100 years) is exceedingly small. Nevertheless
the predictions are interesting, since they form part of the
available theory for the evolution of the universe”
Sandage 1962 ApJ 136,319
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Flux

5010 5015

But this is for 107 years... Having somewhat less
time at our disposal the shift is much smaller..
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The number of known exoplanets
approaches 300.
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Show Cases

. Cosmological redshift
drift

. Detecting Earth twins

. Radioactive dating of
stars in the Milky Way

. Metals in the low-

density IGM

. Stability of fundamental
constants




Pirsa: 09120105

=4 PI-CITA day, 8 December 2009

Page 73/105



v

Bag e

) - -.H_-_--_‘_\_-_

0, ==

The Laser Frequency Comb - Introducing an absolute and reproducible
calibration standard into astrophysical spectroscopy.
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Successful implementation at HARPS
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Successful implementation at HARPS
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The expected velocity accuracy for known QSOs.
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L Taie Cstegory: A8
Mesdtoring the rodshift-drift of the Lyman-alphs forest — & direct messuremnens of the dymamical evolution of
the Umvemse

2 Abstract / Total Time Reguested
Total Amount of Time: 36600 Total Number of Semesters: 30

We propose o monitor the redabift drift of the Lyo loret and asociated metal lines of & sample of kigh (1000
3300} S/N spectra of 30 very brigit QS0w in the redahift moge 2 < 1 < 4.5 with the citm-stable kigh sesodution
optical spectrograph oo the E-ELT for a period of 15 yre. The redshift drift ia seosStive to the difference of the
Wﬂthiwnthm:utuhuhﬂtﬂm-mw#h#ﬂﬂﬂi
tox the acceimmtion of the Universe Witk the propossd obeswmtions we can achiess an evrall messamemest |
accurney of 3.2 an/s. By monitoring the drift of the Lya forest over a wide redshift mnge we will mossure the |
DStantanecis axpansEon rate of the Universe today and the sxpassion rate at high redshift. The messurement
of the mpanskon rate and = eveiution &t high redshift will be an imporcant test of Ceneral Rolazivity. The
measrement of the metantenssus opansion rate will test whethor the Universe expands today ot the rate
averaged over hundred Myrs or more. The coservations proposed can be wsed a8 a first spoch messurement for
mm“b“-_ﬂldmdﬂﬁ-_lmwm‘!ﬁ'
acquired spectra will represent & snigue resouree for o wide range of QS0 absorption line studies. *

i Rur Penpd [esrument Time Month Moon Sesing Sky Trams. Obs Mods
A = UVES 122 any d <as"  PHO s
B @ UVES 127 my 4 <as  PHO s f
c = UVES 1228 sy d <8s” PHO . |
D &3 UVES pi .1 AByY d < 08 PHED s |
E = UVES 129 any 4 < 05 PHO s [
F =B UVES 12%h any d <ay" PEHO s |
G = UVES 122h say d <08" PED s i
H UVES 1298 sy d <08" PHO s !
1 8 UVES 12%h any @ <0§" PHO s __
] = UVES 12 my d a8  PHO s |
X = UVES T22h sy 4 <g#*  PED .
- UVES 129 amy 4 <08 PHO s

Fpllownng runs moved fo dor fa lest page

4 Principal Investigator: L. Pasquini  (£50, 0. ipesquin@esa.ong)
Coifs): WM. Haehneit (oA, UK),  on behaif of the CODEX team (OTHER, OTHER).  and the ESC-ELT
SWG (OTHER. OTHER)
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This is what we can expect for a realistic observing campaign.
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With Codex the errors will be photon-noise limited and the
limits will improve by two orders of magnitude or more.

irsa: 09120105 Page 82/1
== g PI-CITA day, 8 December 2009




' = .
(—);‘IJ(I‘ f) = H"D(I’ f_)

th

3

The development of quantum mechanics built
on astrophysical spectroscopy.
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Avelino et al. 2006, Nunes
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Summary

* for astrophysical (galaxies) purposes DM is cold

* interesting but production mechanism dependent
constraints on sterile neutrinos

* ¢cm/s spectroscopic accuracy in reach with ELTs

3
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Freguency ticks' from e LFC

The Laser Frequency Comb - Introducing an absolute and reproducibie
calibration standard into astrophysical spectroscopy.
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