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Kinematics
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typical momentum
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typical size of the momentum transfer is set by the
electron’s momentum

Qtyp = MeVe ~ Ze

~ 4 keV

but g can be much larger than this (albeit suppressed)



typical energy
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AFE, typ ™~ Qryf0)~ 4 eV

~103

in principle, all of the DM’s kinetic energy is transferred to electron!
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General Formula
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phase space of ionized electron
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General Formula

X(p) X(p-q)

Non-relativistic scattering amplitude
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for free electrons:
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for bound electrons:
/fd%’ . ] mt[ \Fd%

3 (K) (x50 e

— C Moo (T [/ dBkN wl(ﬂ
\ /

momentum-space wavefunctions of electrons
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General Formula
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If only one flnal electron state



General Formula

X(p) X(p-a)
X Non-relativistic scattering amplitude
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General Formula
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General Formula
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Isolated Atom

Hydrogen AEg ~ 10 eV

Xenon my > 2.5 MeV
Argon




Isolated Atom

® @

O ek, I’m)

initial state final state

final state is a “free” electron with angular quantum numbers I’, m’, and momentum k’

Vkrirm (8) = dmje (K'x)Yy, . (0z, dz)
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normalization: (Vi yrm [Wkim) = (27)2 6110 m/m — 50(k—K)=V



Isolated Atom
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initial state final state

final state is a “free” electron with angular quantum numbers I’, m’, and momentum k’
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Isolated Atom
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We assume the potential is spherically symmetric and we ionize a full atomic shell
therefore, sum over all initial and final angular momentum variables
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Isolated Atom
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we can also define an “ionization form factor”
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Isolated Atom
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example: outgoing electron is free plane wave,
initial electron is part of a spherically symmetric atom with full shells
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spherically symmetric atom with full shells RHF wavefunctions

in practice: solve radial Schrodinger equation for the exact unbound wavefunctions, using
the effective potential extracted from the bounded wavefunctions



Crystals

Semiconductors: silicon, germanium ALp~1eV
Scintillators: Nal, Csl, GaAs m, 2, 250 keV
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rystals

X WK

Brillouin zone path 0o 5
electrons are labeled by ¢~(f) _ 1 u(E 4 é’)ei(E+é).£
band index i and wavevector k ik vV Z ’

normalization:



Crystals

Use DFT techniques,
l.e. QuantumEspresso

Brillouin zone path

electrons are labeled by = N L i(k+G)-Z
(X (k+ G)e
band index i and wavevector k w’bk( ) ( )

normalization: Z i (k + G) |2 =1
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electrons are labeled by

band index | and wavevector k

normalization:
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Crystals
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Vd3
initial electron phase space = 2 Z
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electron spin
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Dark Matter Halo
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need to average over DM velocity




Dark Matter Halo
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need to average over DM velocity
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number of events/time/volume

multiply by exposure to get number of expected events per target



Cross-section reach
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