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Deriving fi(v) from a scattering spectrum

« WIMP-nucleus elastic-scattering rate equation

Umin

Here

VUmin = a\/é

is the minimal incoming velocity with which the incident WIMPs
can deposit the energy ) in the detector.

A= P000 MmN e — MmN
= omom2 2 A
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po: the WIMP density near the Earth
0o: the total cross section ignoring form factor effect
F(Q): a nuclear form factor
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Deriving fi(v) from a scattering spectrum
« A simple Maxwellian halo

4 v2 02 /02
3 5 V) = — — | e 0
fl,(‘ausslan( ) ﬁ <v3>

ﬁ i 2 2 —a2Q/v2
<dQ> Gaussian =AF (Q) ( \/E'UO> ¢ ’
vo: the orbital speed of the Sun around the Galactic center.

. Taking into account the orbital motion of the Earth around the

Sun
1 v N2,2 s 27,2
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yr

is the velocity of the Earth relative to the WIMP halo.
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Deriving fi(v) from a scattering spectrum

« One-dimensional velocity distribution function

fi(v) = %/ {_2Q ' % [% (%ﬂ }Q:vz/az

A el (@)} o i [ (@],
=AU e ()]0}

« Mean velocity and velocity dispersion

o =2{[ " [t (i) 2} [ i (32) 2}
=1t { g [ ()]} L Vel ()] %)

C. L. Shan, Universitidt Bonn DM Direct Detection with an Annual Modulated Event Rate



Outline
f1(v) of WIMPs f1(v) from a scattering spectrum

Annual modulated event rate f1(v) from experimental data
Summary

Constructing fi(v) from experimental data

. Experimental data

Qn—22<Qni<Qn+% i=1,2 -, Noy, n=1,2 -+, N

« Theoretical predicted scattering spectrum

o Ansatz: in nth @-bin

(@) o Fn(@-Qn) Tn5<dR>
dQ n dQ Q=Qn
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Constructing fi(v) from experimental data
« Event number at Q = @,

N, n ~ "
rp = — k~ kn5<b—>kn
brn \ sinhky, 2

. Logarithmic slope in the nth @-bin

Ny,

8Q — Qnln —_— 1
= Q—Qn”nzi Qn,i_QnH
b% - 4(Q - Qn)2|n ( ) I N, 1:1( )

‘n

« Rewriting the differential

(o 5lma (@)

= i o (o)) | () e, 2] =7
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Constructing fi(v) from experimental data

. Rewriting the integrals

1 [Qutbn/2 Qr  (dR 1ot @y g
% o anre 7@ (40) %= 3 2y Gy =
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« Constructed one-dimensional velocity distribution function

fi (on = av/@n) = = (f)

€3 SQ,—l/Q,tot

« Constructed mean velocity and velocity dispersion

() = 2a 52.0,tot 52 — 302 52,1/2,tot
S2,-1/2,t0t S2,-1/2,t0t
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Extension of our earlier work

Fourier cosine series (w = 27/365)
<@> = <ﬁ> + <@> cos(wt) + <@> cos(2wt) + - - -
aQ ), aQ / (o) aQ /) Q) 2y
fi(v,t) = f1,<0)('u) + fl,(l)(“) cos(wt) + f]v(Q)(’l/') cos(2wt) + - - -

dR a2 * M} =
(dQ>(m>7AF(Q) m[ ] 4, m=0, 1,2,

Redefining N,,, (Q — Q) |n, and Sa ..,
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( n) |n Nn,l o ; ( n,t n) e Nn,l yr = F2(Qn,i)
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Annual I]]Odlli ; Modulation amplitude of f;(v)
\nnnn "'

Amplitude of the annual modulation of f(v)
Considering (dR/dQ) )

1 Qn+bn/2 iR il yr
i — QM == dO = i ) .
Ny, /Q,Lfb,L/Q (Q—Qn) (dQ) 0 Q Nn o Z (Qn.i — Qn)* cos(wty )

= QWM
Ansatz: in nth Q-bin

dR dR
A : ln - n hn
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Solving the [,, and h,,
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C. L. Shan, Universitiat Bonn DM Direct Detection with an Annual Modulated Event Rate



Outline
f1(v) of WIMPs Extension of our earlier work

Annual modulated event rate Modulation amplitude of f;(v)
Summary

Amplitude of the annual modulation of f(v)

Unnormalized velocity distribution function

1 dR
— =0, 1,2 -
F2(Q) (d(e)(mj "

Ratio of fl,un,(l)(Q) to fl,un,(O) (Q) at Q = Qn
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= S naEn g g o — b
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d
dQ

f] ,un,(m) (Q) = _Q

« Three advantages:
» Each one of these 7’s is independent of the other ones.

» We can calculate the n’s even if we can not obtain enough data in
the high energy range.

s The n’s are independent of «.
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Summary

« From a dR/d@ curve of the WIMP-nucleus elastic scattering, we
can derive f1(v), (v), and v of WIMPs.

« From experimental data @, ;, i=1, 2, ---, N,,n=1, 2, ---, N,
of the WIMP direct detection over some whole years, we can
construct fi(v), (v), and v directly.

« Our constructions of f1(v), (v), and v are independently of each
other and of some as yet unknown quantities, e.g. WIMP density.

« We can also construct the amplitude of the annual modulation of
fi(v) without knowing the WIMP mass.
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