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Motivation
o Differential event rate for elastic WIMP-nucleus scattering

drR 5 /V’“ax |:f1(v):|
9N _UF nwjy
dQ AFQ) Viin(Q) v w

Here

Vmin(Q) = 05\/5

is the minimal incoming velocity of incident WIMPs that can deposit
the recoil energy Q in the detector.
P00 my . meN

A= ———— «

2 2
2rannr,N 2rnr,N

po: WIMP density near the Earth
oo: total cross section ignoring the form factor suppression
F(Q): elastic nuclear form factor
fi(v): one-dimensional velocity distribution of halo WIMPs
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Here i
Vmin(Q) = 05\/5 + %

is the minimal incoming velocity of incident WIMPs that can deposit
the recoil energy Q in the detector.
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@ Normalized one-dimensional WIMP velocity distribution function

f(v) =N{(a\/5+ %) (a\/a, %) _1{—20' % [FJQ) (%)] }}
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Reconstruction of the recoil spectrum - elastic scattering
@ Integrals over two simplest theoretical velocity distributions

(£, o s
Gau

%
(%) x FH(Q) [erf (2212 ) — oy 22ve )]

@ Exponential ansatz for reconstructing the measured recoil spectrum
(in the nth Q-bin)
kn(Q@—Qs,n) _ ‘ 5‘0‘00 s "Ge, 7 bins. ‘

dR
(—) =rme = —
dQ / expt, Q~Qp bp 3

°
=

°
g
=

@ Logarithmic slope and shifted point
(in the nth Q-bin)
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°
8
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1 sinh(knbn /2)
n=Qn+ —In|————
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[M. Drees and CLS, JCAP 0706, 011]
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Reconstruction of the recoil spectrum - inelastic scattering
@ Integrals over two simplest theoretical velocity distributions

dR 20y o= (2@ + 0% /Q) /3
— x F7(Q)e B 0
<do)in, Gau
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@ Typical recoil spectrum

4RIQ [x 10° eventakg daylkeV]

St

@ Ansatz for reconstructing the measured recoil spectrum

dR ’
(7) — e ke—K/Q
dQ in, expt
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Reconstruction of the recoil spectrum - inelastic scattering
@ Moments of the measured recoil energies

2 1 _abix, _ L [T] 2/mvE Vb Vb
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@ Solving k and K’
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@ Solving k and K’
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@ Checking whether Q,,,.rec > 0
(76Ge, 0 — 150 keV, 50 events)

®Ge, Q< 150 keV, 50 events
250

AMIDAS hitpi/pisrv0.pit physik uni-tusbingan de d aratSPamidaz 1

@ >socL e o

S o000 o

® 00 O

w0 T 0 00 o
>2¢CL.

° o0 00 ©

>10CL .. .

o0 ©

150 o0 o

s o0 ©

=3 o0 ©

c

“ o0 ©

100 o0 ©o

o0 ©°

o0 ©°

o0 ©

5 o0 ©°

o0 O

o0 ©

o0 o©

700 1000

0
M in [GeV]

C.-L. Shan, AS loP May 8, 2012, p. 12



Data Analysis in Direct Searches for Inelastic Dark Matter e
LModeI»independent data analysis u"’ g

L Reconstruction of the recoil spectrum s

Reconstruction of the recoil spectrum - inelastic scattering

® Quyeth — Quyerec in unit of o(Quy,. rec)
(76Ge, 0 — 150 keV, 50 events)

78Ge, Qg < 150 keV, 50 events
250

AMIDAS-hitp:pisrv0 pit physik uni-usbingen de daat

4

@ 20<2a
[ J
W o< <20
o 1 °
wo| @ 0<a<wo oo
A c<r<o o0
20< A <10 o0

A<20

(]

150

8y [keV]

a

[ J
[ J
[ J
[ J
[ ]
[ ]
*
*
*
*
A
A
A
A
A
A
A
A

>EPPPPPPPIPOOINHO000
PEPDPPPPPOOOOIOCOOIOINOO
A XXX XXX XS I J K J

A XXX XXX RXEY | [
A XXX XXX | § [

7 - . 700 1000
myin [GeV]

C.-L. Shan, AS loP May 8, 2012, p. 13



Data Analysis in Direct Searches for Inelastic Dark Matter

LModel»independent data analysis 'qz “
LReconstruction of the recoil spectrum ==

Reconstruction of the recoil spectrum - inelastic scattering

@ Checking whether Q.. rec >0
(?8Si, 0 — 150 keV, 50 events)

285, Quuay < 150 keV, 50 events
250 T

AMIDAS | hysikuni-tusbi

@ >socL

>40CL,

>30CL
>26CL
>16CL.

Y <1aCL

8y [keV]

0
m, in [GeV]

C.-L. Shan, AS loP May 8, 2012, p. 14



Data Analysis in Direct Searches for Inelastic Dark Matter

LModel»independent data analysis

LReconstruction of the recoil spectrum

Reconstruction of the recoil spectrum - inelastic scattering

® Quiyerth — Quyresrec IN LNt OF 7 (Quy rec)
(?8Si, 0 — 150 keV, 50 events)

285, Quuay < 150 keV, 50 events

250 T
AMIDAS | hysikuni-tusbi

420< A
o< A <420

0 <A<+lo

200

>oHO

o< A< 0

20< A <-1o.

o

A<20

150

8y [keV]

> eeoHO000000

>rrreoHO00000
>rrrreoHO0O0000

xS (XX XXX J
A xd (XX XXX J

7 o 300 1000
myin [GeV]

C.-L. Shan, AS loP May 8, 2012, p. 15



Data Analysis in Direct Searches for Inelastic Dark Matter e,
LModeI»independent data analysis u"’ g
L Reconstruction of the recoil spectrum =
Determinations of the WIMP mass and the mass
@ Reconstructed my e

(?8Si 4+7° Ge, 0 — 150 keV, 2 X 50 events, &, = 100 keV)

splitting

285i + ®Ge, Qpay < 150 keV, 2 x 50 events, = 100 keV
2000 T

AMIDAS | hysikuni-tusbi

1000
700
500
300

200

My rec [GeV]
3

5 7 10 20 30 50 70 100

200 300 500 700 1000
m,in [GeV]

C.-L. Shan, AS loP

May 8, 2012, p. 16



Data Analysis in Direct Searches for Inelastic Dark Matter
LModeI»independent data analysis

LReconstruction of the recoil spectrum

Determinations of the WIMP mass and the mass splitting
@ Reconstructed my e
(?8Si +7 Ge, 0 — 150 keV, 2 X 500 events, &, = 100 keV)

285 + 7®Ge, Qpax < 150 keV, 2 x 500 events, 3 = 100 keV

2000 T
AMIDAS | hysikuni-tusbi

1000
700
500
300

200

My rec [GeV]
3

5 7 10 20 30 50 70 100 200 300 500 700 1000
m, o [GeV]

C.-L. Shan, AS loP May 8, 2012, p. 17



Data Analysis in Direct Searches for Inelastic Dark Matter
LModeI»independent data analysis

LReconstruction of the recoil spectrum

AT
Y’ ) g
Os

Determinations of the WIMP mass and the mass splitting

@ Reconstructed Jec
(%Si +75 Ge, 0 — 150 keV, 2 X 50 events, m, i, = 100 GeV)

285i + 7°Ge, Qpgy < 150 keV, 2 x 50 events, m, = 100 GeV

250 T
AMIDAS-i , s
.
.
-
-
— S P s
P
200 s
.
.
.
.
-
-
150 -
P
> s
(] 2
8 7
8 Z
S Z
A
100 e
2
2
2
P
50
0
0 50 200 250
iy [keV]

C.-L. Shan, AS loP

May 8, 2012, p. 18



Data Analysis in Direct Searches for Inelastic Dark Matter

LModeI»independent data analysis

LReconstruction of the recoil spectrum

Determinations of the WIMP mass and the mass splitting

@ Reconstructed Jec
(%Si +75 Ge, 0 — 150 keV/, 2 X 500 events, m, i, = 100 GeV)

25 + 7°Ge, Quuay < 150 keV, 2 x 500 events, m, = 100 GeV/

250 T
AMIDAS-i , s
.
.
-
-
— S P s
P
200 s
.
.
.
.
-
-
150 -
P
3 -
=, 7
© , 4
8 .
S z
2
100 >
Z
7
7
50
0
0 50 200 250
iy [keV]

C.-L. Shan, AS loP May 8, 2012, p. 19



Data Analysis in Direct Searches for Inelastic Dark Matter

LModeI»independent data analysis

LReconstruction of the recoil spectrum

Determinations of the WIMP mass and the mass splitting
@ Can we identify inelastic WIMP from the elastic one?

C.-L. Shan, AS loP May 8, 2012, p. 20



Data Analysis in Direct Searches for Inelastic Dark Matter e
LModeI»independent data analysis u"’ g

LReconstruction of the recoil spectrum

Determinations of the WIMP mass and the mass splitting
@ Can we identify inelastic WIMP from the elastic one?
— Yes! Model-independently and with only O(50) events.

C.-L. Shan, AS loP May 8, 2012, p. 20



Data Analysis in Direct Searches for Inelastic Dark Matter

LModel»independent data analysis

LReconstruction of the recoil spectrum

Determinations of the WIMP mass and the mass splitting

@ Can we identify inelastic WIMP from the elastic one?
— Yes! Model-independently and with only O(50) events.

@ For inelastic (§ > 0) case, we could

o observe positive Q. with a 20 - 50 confidence level
e observe positive J, although would be underestimated for 6 > 75 keV
o determine (the upper bound of) m,

C.-L. Shan, AS loP May 8, 2012, p. 20



Data Analysis in Direct Searches for Inelastic Dark Matter i,

RN

LModel»independent data analysis "qZ;
LReconstruction of the recoil spectrum

B

Determinations of the WIMP mass and the mass splitting

@ Can we identify inelastic WIMP from the elastic one?
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@ For inelastic (§ > 0) case, we could

o observe positive Q. with a 20 - 50 confidence level
e observe positive §, although would be underestimated for 6 > 75 keV
o determine (the upper bound of) m,

@ For elastic (6 = 0) case, we could observe
o very small, but non-zero positive Q...
e very small, but non-zero positive §...

o (unphysically) negative m,: the larger the input m,, the larger the
absolute value of the reconstructed m,
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Summary and outlook

@ With a single experiment one could identify inelastic WIMP from
the elastic one model-independently.

@ By combining two experiments with different target nuclei one could
determine the mass and the mass splitting of inelastic WIMPs.

@ We are working on the reconstruction of the 1-D WIMP velocity
distribution.

o Effects of (exponential-like and/or Gaussian-excess-like)
backgrounds will also be studied.

@ Results of the use of this method for analyzing some announced
WIMP-signal data sets would be announced as soon as possible...

Thank you very much for your attention!
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