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WIMP signatures

1. exponential recoil spectrum

2. annual modulation
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assuming we know well the dark matter distribution... but do we?



2. milky way mass modelling
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how can we constrain the parameters of a MW mass model?



2. milky way mass modelling

rotation curve traces total potential

A | B | R0

terminal velocities

local standard of rest

satellite dynamics traces total mass enclosed at R � O(100) kpc
star counts and dynamics

.. �v in tracers: traces total potential at R � O(50) kpc

.. Oort's limit: traces local total surface density

.. local luminosity: traces local visible surface density

gravitational microlensing
traces the density of lenses along l.o.s.
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2. microlensing + dynamics: the idea

vc

r

rotation curve traces all matter

bottomline rotation curve + microlensing constrain DM pro�le

Binney & Evans 2001

conclude that cuspy pro�les are inconsistent (!!)

but: .. new microlensing data released

.. poor vc treatment

.. simpli�ed MW mass modelling

[Iocco, MP, Bertone & Jetzer, arXiv:1107.5810, JCAP11(2011)029]
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2. gravitational microlensing: basics

microlensing is a direct consequence of GR
[Paczynski ’86]
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2. gravitational microlensing: basics

microlensing is a direct consequence of GR
[Paczynski ’86]
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2. microlensing + dynamics: methodology
1. �x �0;b to match MACHO '05 h� i = 2:17+0:47�0:38 � 10�6

2. compare to other microlensing data

3. compute vc(r) for baryonic model + �ducial DM pro�le

4. constrain DM pro�le (very conservative)

5. bracketing uncertainties

6. measure DM parameters
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2. microlensing + dynamics: summary

NFW: �0 = 0:20� 0:56 GeV/cm3 � = 0:4� 1:8

[Iocco, MP, Bertone & Jetzer, arXiv:1107.5810]

bottomline
.. not competitive with other measurements e.g. Catena & Ullio '09

.. but complementary technique

.. huge potential: constrain local density, pro�le slope and shape



3. impact on direct searches
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3. impact on direct searches

local DM density �0 = 0:4� 0:1 GeV/cm
3

(1�)

(Catena & Ullio + systematics)

circular velocity v0 = v0c = 230� 30 km/s (1�)

(perhaps optimistic!)

escape velocity vesc = 544� 33 km/s (1�)

(Smith et al 2006, RAVE survey)

shape parameter k = 0:5� 3:5 (at)

(Lisanti et al 2010 � k=1)

key question: how do these uncertainties impact direct searches?

[MP, Baudis, Bertone, de Austri, Strigari & Trotta ’11]



3. impact on direct searches

fast forward to �2020
MP, Baudis, Bertone, de Austri, Strigari & Trotta, PRD 2011

.. use next generation of experiments Xe, Ge, Ar

.. study the complementarity of targets

.. include astrophysical uncertainties

upcoming experimental capabilities

noble liquids
DARWIN �

p
SI < 10�47 cm2 (2016)

cryogenic
EURECA �

p
SI > 10�46 cm2 (2018)

10 yr from now

[MP, Baudis, Bertone, de Austri, Strigari & Trotta ’11]
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3. impact on direct searches

varying astrophysics
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3. target complementarity
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.. astrophysical uncertainties reduce constraining power

.. Ge best at m� = 25; 250 GeV; Xe best at m� = 50 GeV

.. astrophysical uncertainties a�ect target complementarity in a
non-trivial way

[MP, Baudis, Bertone, de Austri, Strigari & Trotta ’11]



3. target complementarity

let us be conservative:
what can be robustly measured irrespective of astrophysics?

.. wimp mass m�: within 10's GeV

[MP, Baudis, Bertone, de Austri, Strigari & Trotta ’11]



3. target complementarity

let us be conservative:
what can be robustly measured irrespective of astrophysics?
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