Dark matter distribution:

Standard halo (SH) model:

isothermal sphere with isotropic Maxwellian velocity distribution in Galactic
rest-frame

Vi < o
f(V)DCeXIJ _ﬁ for U Vesc = \/§

solution of collisionless Boltzmann equation with p oc =2

standard parameter values:

local density p=0.3GeVem™
local circular speed v = 220kms™*
local escape speed traditionally Vesc = 650 km s ™

more recently Vese = 554 kms™!  [RAVE]



RATE DIFERENCIAL
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WIMP Signatures: Annual Modulation
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Spectral function of WIMP rate: iz =k £,| av, |1 v, )71 v, )7

¢ The velocity of the Earth varies over the year as the Earth moves around the Sun, and can be written as
[in km/s]:
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iii) annual modulation of event rate Drukier, Freese & Spergel
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Simulations:
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Hansen et al., Fairbairn & Schwetz and Kuhlen et al. have found similar results.
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Caveats

) scales resolved by simulations are many orders of magnitude larger than those
probed by direct detection experiments

zoom
x10

~300 kpc ~30 kpc ~0.3 mpc

The first WIMP microhalos to form have
M ~ lﬂ_ﬁﬂ-f.@ [Green, Hofmann & Schwarz]

c.f. resolution of best Milky way simulations:
M ~ 10° M

microhalo simulation
[Diemand, Moore & Stadel]



ii) effect of ns on DM istribution?

Sub-halos merging at z<1 preferentially dragged towards disc, where they’re
destroyed leading to the formation of a co-rotating dark disc. Read et al, Bruch et al., Ling

et al.
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L = D, ) 6005w NN,

N=n.p

. P-even, S,-independent

O1=1, Oy=@Y)% O3=iSy-(@x7),

. P-even, S, -dependent

O0,=8,-8v, 0Os=iS, -(x7), Os = (S - O)(Sn - ),

. P-odd, S,-dependent

Os=5, -7, Oy=iS, (Sn x
. P-odd, S,-independent:

O =15y - q
. P-odd, S,-dependent
011 — ’ng . {}'4



Sl cross section

o Now have dependence on g? and nucleus — separate out
fundamental WIMP-nucleon cross section
e Differential cross section can be written

down(q)  oown F?(q)
dqz 4?’11? U%\_/’ rel. velocity in CM frame
where ogw N 1s total cross section for F' = 1.

From Fermi’s Golden Rule

down(q) _ 2 L 5400
dg? mﬁ M= T o2’ (g
¢ Can identify “unity-form-factor Cross sections:

4m

OOWN = —m f TAZ

/ r M

nucleus nucleon ——— 9Wn all the particle physics, here



Coherent Scatter Processes

Weakly Interacting Massive ‘ Neutrino-nucleus scattering
Particles
v
" 4 : :
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Both processes satisfy the coherence condition:

A=R

nicleus



Nuclear form factor and Spin Ind. interactions

o Scattering amplitude: Born approximation ¢ = h (k' — k)
o Spin-independent scattering is coherent X\ = i /q ~ few fm

M) = fn A /d%p(f) e?? = oo |M?x A?
ff,f”

_ 2 4 mass number
fundamental coupling el
to nucleon F(q)
: “Helm” form factor

3[sin(grn) — qrncos(qra)]  _(,6)2/0
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e jiexact for ‘sharp’ density cutoff —

¢ r,nuclear radius N . \

¢ s skin thickness parameter Woods-Saxon potential \

swiped from Fraunfelder and Henley



Nuclear form factor and Spin Ind. interactions

e Loss of coherence as larger momentum transfer probes smaller
scales
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Signal Quenchlng

WIMPs (and neutrons) scatter off nuclei
- nuclear recoils

y and B backgrounds scatter off electrons
- electronic recoils

Detectors respond differently to both types of
recoils since the energy loss mechanisms are
weigthed differently:

(6.~ @), * (&)
dx tm. d.?( elec dx nucl

lonization, heat
excitation

In the regime of low nuclear Er, the nuclear

stopping power plays a significant role

- less ionization and excitation of target atoms

- less observed signal in ionization/scintillation
detectors

- Signal Quenching (,Lindhard theory")

In addition to this, there might be other effects which
lead to quenching, e.g. bi-excitonic quenching in LXe

(higher ionization density from NRs impacts the
generation of scintillation light)

lonization Reduction Factor
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Only a fraction of the energy loss results in
ionization and atomic excitation.
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