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0 AMIDAS: A Model-Independent Data Analysis System
for direct Dark Matter detection experiments and phenomenology
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0 AMIDAS: A Model-Independent Data Analysis System
for direct Dark Matter detection experiments and phenomenology

> DAMNED Dark Matter Web Tool (ILIAS Project)

http://pisrv0.pit.physik.uni-tuebingen.de/darkmatter/amidas/
[CLS, AIP Conf. Proc. 1200, 1031; arXiv:0910.1971; Phys. Dark Univ. 5-6, 240 (2014)]

> TiResearch (Taiwan interactive Research)
http://wuw.tir.tw/phys/hep/dm/amidas/
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for direct Dark Matter detection experiments and phenomenology

> DAMNED Dark Matter Web Tool (ILIAS Project)
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> TiResearch (Taiwan interactive Research)
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> Online interactive simulation/data analysis system
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AMIDAS package

0 AMIDAS: A Model-Independent Data Analysis System
for direct Dark Matter detection experiments and phenomenology

> DAMNED Dark Matter Web Tool (ILIAS Project)
http://pisrv0.pit.physik.uni-tuebingen.de/darkmatter/amidas/
[CLS, AIP Conf. Proc. 1200, 1031; arXiv:0910.1971; Phys. Dark Univ. 5-6, 240 (2014)]

> TiResearch (Taiwan interactive Research)
http://wuw.tir.tw/phys/hep/dm/amidas/

> Online interactive simulation/data analysis system
> Full Monte Carlo simulations
> Theoretical estimations

> Real/pseudo- data analyses
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AMIDAS package
0 AMIDAS: A Model-Independent Data Analysis System

o @D®®
XA0 search
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for direct Dark Matter detection experiments and phenomenology

AMIDAS: A Model-Independent Data Analysis System
for Direct Dark Matter Detection Experiments and Phenomenology

@ Chung-Lin Shan
—

Dark Matter Online Tools DAMNED

AMIDAS: restart, new window, last results

Established: January 11, 2009
Last upgraded: March 18, 2015

List of AMIDAS functions

Choose one of the following functions

O Generation of WIMP signals with/without background events
© (Bayesian) of the
O Determination of the WIMP mass
O Estimation of the spin-independent (SI) WIMP-nucleon coupling

O Determinations of ratios between different WIMP-nucleon couplings/cross sections

ion function of halo WIMPs "™

velocity distril
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Motivation

0 Differential event rate for elastic WIMP-nucleus scattering
dR 2 /Vmax {ﬂ(v)}
= AF 20 g
dQ @ i@ L v 1T

Here

Vmin(Q) = a/Q

is the minimal incoming velocity of incident WIMPs that can deposit the
recoil energy @ in the detector,

A= L0000 - my my my

2 2 N =
2mym; 2my m, + my

po: WIMP density near the Earth

09: 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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Motivation

0 Differential event rate for elastic WIMP-nucleus scattering

#_ar) [ [5]
s =@ [, [

Here

Vmin(Q) = a/Q

is the minimal incoming velocity of incident WIMPs that can deposit the
recoil energy @ in the detector,

A= .@ my my mn

a=,[— mon =
2 2 r
WA 2fnr,N m, + my
Particle physics

po: WIMP density near the Earth
09: 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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0 Differential event rate for elastic WIMP-nucleus scattering

= AFz(Q)/VmV:TQ) {ﬂ‘v‘ﬂ dv

Here Astrophysics

Vmin(Q) = 06\/5
is the minimal incoming velocity of incident WIMPs that can deposit the
recoil energy @ i e detector,
A= @0 o= [T ey TN
2myym? 2m? ' my + my

po: WIMP density near the Earth
09: total cross section ignoring the form factor suppression
F(Q): elastic nuclear form factor
fi(v): one-dimensional velocity distribution of halo WIMPs

C.-L. Shan (XAO-CAS) December 31, 2016, NTHU



Progress of the AMIDAS Package for Reconstructing WIMP Properties

L it
AMIDAS package XAQ Tl*esearch
L Motivation “—

|—ﬂ-

Motivation

0 Differential event rate for elastic WIMP-nucleus scattering

= AFz(Q)/VmV:TQ) {@} dv

>
I

Here

Vmin(Q) = a/Q

is the minimal incoming velocity of incident WIMPs that can deposit the
recoil energy @ in the detector,

A= L0000 - my my my

2 2 N =
2mym; 2my m, + my

po: WIMP density near the Earth

09: total cross section ignoring the form factor suppression
F(Q): elastic nuclear form factor

fi(v): one-dimensional velocity distribution of halo WIMPs

C.-L. Shan (XAO-CAS) December 31, 2016, NTHU



Progress of the AMIDAS Package for Reconstructing WIMP Properties —
LR(a_construt:l:icm of the 1-D WIMP velocity distribution XAO @ g
v

Reconstruction of the 1-D WIMP velocity distribution
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With measured recoil energies
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LWith measured recoil energies
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Reconstruction of the 1-D WIMP velocity distribution

0 Normalized one-dimensional WIMP velocity distribution function

-3 {223 [ty ()]
- Ve [rtw (562}

1 Moments of the velocity distribution function
(n+1)/2

() = (@) (25 ﬁfggm) (5%)g.0 * 1)/n<oth,e)}

1/2

-1
2 2chre ﬂ
N(chre) |:F2(chre) (dQ) Q:chre+ IO(chre):|

_ [T -] 1 ﬁ)]
i) ? [F?(Q)(do @

Qthre
[M. Drees and CLS, JCAP 0706, 011 (2007)]
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LWith measured recoil energies

Reconstruction of the 1-D WIMP velocity distribution

0 Ansatz: the measured recoil spectrum in the nth Q-bin

(ﬁ) = 1, ekn(@—Qsn) py = N
dQ expt, Q~Qp bn
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Reconstruction of the 1-D WIMP velocity distribution

0 Ansatz: the measured recoil spectrum in the nth Q-bin

(ﬁ) — 1, &kn(Q=Qs.n) py = N
aQ expt, Q~Qp b

0 Logarithmic slope and shifted point in the nth Q-bin

N _ 0. bn knbp 1
Q_Q’TI’T— HZ(QHI Qn :(?>C0th( > )—k—n

B

an—Qn+?n|
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Reconstruction of the 1-D WIMP velocity distribution

0 Ansatz: the measured recoil spectrum in the nth Q-bin

(ﬁ) — 1, &kn(Q=Qs.n) py = N
aQ expt, Q~Qp

0 Logarithmic slope and shifted point in the nth Q-bin

Np
= Quln=— 3 (Qni—Qn) = (‘;) coth (k"zb") S L

=1

1 sinh(k,,b,,/Z)}
Qs,n = Qn + P | [7,{{71)’7/2

0 Reconstructing the one-dimensional WIMP velocity distribution

filvsn) = N | Fen | | L (@)~
1
2 {Z \/@F2(Qa):| o =V

[M. Drees and CLS, JCAP 0706, 011 (2007)]
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LWith measured recoil energies

Reconstruction of the 1-D WIMP velocity distribution

0 Reconstructed £ rec(Vs,n)
("°Ge, 500 events, 5 bins, up to 3 bins per window)

500 events, 5 bins, up to 3 bins per window

0.004 T T T T T T i T

T i . I
y’fdof = 0.73

0.003— ) - T _ , |

% 0.002 - | \ :

s ]

- 0.001 input distribution B

0 —

[ I |
200 300 400 500 600 700
v [km/s]

L
0 100

[M. Drees and CLS, JCAP 0706, 011 (2007)]
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With a non-negligible threshold energy
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Reconstruction of f;(v) with a non-negligible threshold energy

0 Reconstructed fi rec(Vs,n) with a non-negligible threshold energy
(76Ge, 2 - 50 keV, 500 events, m, = 25 GeV)

76Ge, Quyp > 2 keV, Quyqy < 50 keV, 500 events, m, = 25 GeV, 4 bins, up to 2 bins per window
AMOAS

0.007

— 1 gen, 1)
0.006

—— {1 qaa inpul¥)

0.005

0.004

f, rec(V) [s/km]
°
5
8

RN

0.002 l

0.001

300 400 500 600 700
v [km/s]

[CLS, IJIMPD 24, 1550090 (2015)]
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Reconstruction of f;(v) with a non-negligible threshold energy
0 Modification of the renormalization constant

2@ (dR

-1
7 [ min rtlax
F2(Qmin) dQ)expt, 0= o(@rn. @ )}

2|~
N=— |:f1,re6( mm) Q;{f
a

where

- . . 2Qm|nF(Qm|n)
f1,rec(Vimin) = |:F(Qmm):| |:dQ n FQ(Q)‘Q Qmin kl:|

(ﬂ) =y 1(Qmin=1) = H(Qprin)
dQ expt, Q=Qmin

Qrmax 1 dR =t
i * Q(n—l)/Z P Q — =8
In(lena max) / |:F2(Q) (dQ)] d ; FZ(QE)

min

2
. V,

Q:—]ax = min (Qmax, Qmax kin = max)
CY

[CLS, IJMPD 24, 1550090 (2015)]
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Reconstruction of £(v) with a non-negligible threshold energy

0 Reconstructed fi rec(Vs,n) with the input WIMP mass
("®Ge, 2 - 50 keV, 500 events, m, = 25 GeV)

7*Ge, Quyp > 2 keV, Qg < 50 keV, 500 events, m, =25 GeV, 4 bins, up to 2 bins per window

0.0035

AMIDAS

= Ti.gen, shV)
0.003 —— {1 qaa inpul¥)

0.0025

0.002

rec(V) [s/km]

0.0015

fy

0.001

0.0005

]
600 700

300 400
v [km/s]
[CLS, 1JMPD 24, 1550090 (2015)]

C.-L. Shan (XAO-CAS) December 31, 2016, NTHU p. 15



Progress of the AMIDAS Package for Reconstructing WIMP Properties

L . PRTR— / \ Y 1
Reconstruction of the 1-D WIMP velocity distribution XAO Tifesearch
L wi ioi A 4 Y
With a non-negligible threshold energy

Reconstruction of f;(v) with a non-negligible threshold energy

0 Theoretical bias estimate of [A;;‘" - fOV':‘" fi(v) dv] /J3m fi(v) dv

max £ op(v) dv [%]
N
L—"1|"

v,
0
N

/

min f, (V) dv) / Int

2 /
5o :
E
£ V/
w1
= 7

1
0
0 50 100 N 150 0 250 300
Vinin [km/s]

[CLS, IJIMPD 24, 1550090 (2015)]
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With a model of the WIMP velocity distribution
— Bayesian analysis
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LWith a model of the WIMP velocity distribution
Bayesian reconstruction of f(v)

0 Bayesian analysis
p(eldata) = LRI (o)

> ©:{a1,a, . ang,.., | a specified (combination of the) value(s) of
the fitting parameter(s)

> p(©): prior probability, our degree of belief about © being the true
value(s) of fitting parameter(s), often given in form of the
(multiplication of the) probability distribution(s) of the fitting
parameter(s)

> p(data|©): the probability of the observed result, once the specified
(combination of the) value(s) of the fitting parameter(s) happens,
usually be described by the “likelihood” function of ©, L(©).

> p(data): evidence, the total probability of obtaining the particular set
of data

> p(©|data): posterior probability density function for ©, the probability
of that the specified (combination of the) value(s) of the fitting
parameter(s) happens, given the observed result

C.-L. Shan (XAO-CAS) December 31, 2016, NTHU p- 18
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LWith a model of the WIMP velocity distribution

Bayesian reconstruction of f(v)

0 Probability distribution functions for p(©)
> Without prior knowledge about the fitting parameter
@ Flat-distributed

pi(ai) =1 for ajmin < ai < ai,max

> With prior knowledge about the fitting parameter

& Around a theoretical predicted/estimated or experimental measured
value [t

& With (statistical) uncertainties o, ;
@ Gaussian-distributed

1 —(aj—pa.i)? /202 ;
pi(ai; o, 0ai) = e (@i ra,i) /205 ;

vV 27 Ta,i

[CLS, JCAP 1408, 009 (2014)]
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LWith a model of the WIMP velocity distribution

Bayesian reconstruction of f(v)

0 Likelihood function for p(data|©)

> Theoretical one-dimensional WIMP velocity distribution function:
fl,th(V; ap,daz, -, aNBayesian)

> Assuming that the reconstructed data points are Gaussian-distributed
around the theoretical predictions

£(ureelvo)y =1, 2+, Wiar i=1,2, -, Nesesan)
w
= H Gau (Vs,u, fl,fec(VSM)a Ofp,s,pwr 91,82, aNBayesian)
p=1
with
Gau (VS,H, fl,rec(Vs,u)7 Of,s,us d1,4d2, """, aNBayesian)
_ 1 - I:fl,rec(‘/s,u)_fl,th(vs,u;31a32-,“' «,QNBayesian)] 2/2”%1,5,u

= e

V2T of s,u

[CLS, JCAP 1408, 009 (2014)]
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LWith a model of the WIMP velocity distribution S’

Bayesian reconstruction of f(v)

O Input and fitting one-dimensional WIMP velocity distribution functions
> "One-parameter” shifted Maxwellian velocity distribution

1 v (v 2,2 _ 2,2
fionn(¥) = = (vae) [ et/ — emtor/i] ve = 1.05 v

> Shifted Maxwellian velocity distribution

1 v 2,2 2,2
= (v—ve)* /vy _ (v+ve)® /v
fl’Sh(V) \/?r (vove) [e ’ € 0]

> “Variated” shifted Maxwellian velocity distribution

;} {e—[v—(va+Av)12/v3 _ e—[v+(vo+Av)12/v§}
vo (vo + Av)

fish,av(v) = % [

™
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LWith a model of the WIMP velocity distribution S’

Bayesian reconstruction of f(v)

O Input and fitting one-dimensional WIMP velocity distribution functions
> "One-parameter” shifted Maxwellian velocity distribution

1 v (v 2,2 _ 2,2
fionn(¥) = = (vae) [ et/ — emtor/i] ve = 1.05 v

> Shifted Maxwellian velocity distribution

1 v 2,2 2,2
= (v—ve)/vg _ (v+ve)®/v
fl’Sh(V) \/E (vgve) [e 0 € 0]

> “Variated” shifted Maxwellian velocity distribution

;} {e—[v—(va+Av)12/v§ _ e—[v+(vo+Av)12/v§}
vo (vo + Av)

> Simple Maxwellian velocity distribution

4 v2 2.2
f1,Gau(v) = N (?) e /%
0

> “Modified” simple Maxwellian velocity distribution

fish,av(v) = % [

™

2 k
v B ppo 2 2
fl,Gau,k(V) = N (e,,/ kg _ e*Vmax/kvo) for v < Vinax
£k
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Bayesian reconstruction of f(v)

0 Reconstructed f; gayesian(v) with the input WIMP mass
("°Ge, 2 - 50 keV, 500 events, m, = 25 GeV, fish,vo (V) = fish v (v), flat-dist.)

7°Ge, Quyp > 2 keV, Qg < 50 keV, 500 events, m, =25 GeV, 4 bins, up to 2 bins per window
AMOAS

0.0035

1, gen, %)

0.003

=== i meian, input*)

=i ma, inpui(®)
—— 1 qata inpurlV)

0.0025

0.002

rec(V) [s/km]

0.0015

f

0.001

0.0005

0 100 200 300 400
v [km/s]

[CLS, IIMPD 24, 1550090 (2015)]
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Determination of the WIMP mass

C.-L. Shan (XAO-CAS) December 31, 2016, NTHU p- 25



Progress of the AMIDAS Package for Reconstructing WIMP Properties —
LDeterminatiﬂn of the WIMP mass XAO Q
v .

Determination of the WIMP mass

0 Estimating the moments of the WIMP velocity distribution

=il
201(2rmin ZQ('?H)/mexn
(V1) = @" | —min M2 4y min +(n+1)
FZ(Qmin) FQ(Qmin) !
(n—1)/2
In= Z = Fmin = (ﬂ) = Gl ekl(Qmin*Qs,l)
a FZ(Qa) dQ expt, Q=Qnin

[M. Drees and CLS, JCAP 0706, 011 (2007)]
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Determination of the WIMP mass

0 Estimating the moments of the WIMP velocity distribution

=il
201(2fmin 2Q(n-+1)/2fmxn
(V1) = @" | —min M2 4y min +(n+1)
FZ(Qmin) FQ(Qmin) !
(n—1)/2
In= Z = Fmin = (ﬂ) = Gl ekl(Qmin*Qs,l)
2 Fz(Qa) dQ expt, Q=Qnin

[M. Drees and CLS, JCAP 0706, 011 (2007)]

0 Determining the WIMP mass

m | _ /mxmy — mxR,
T Ry — /mx /my

1)/2 1/n
ZQI'(n’::—,))(/ rmin,X/F)z((Qmin,X) +(n+ l)ln,X:| (X . Y)71 (n£0)

Ro= 1/2 2
2Quin x Mmin,x / F3 (Qmin,x) + lo,x

[CLS and M. Drees, arXiv:0710.4296]
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Determination of the WIMP mass

0 Estimating the moments of the WIMP velocity distribution

vy =a" 2Q i [ 208552 i +(n+1)l
vl =a | —— — n
Fz(Qmin) ° F2(Qmin) !
(n—1)/2
=32 iy = (f) — 1 ¥1(Qmin—Qs,1)
2 Fz(oa) dQ expt, Q=Qnin

[M. Drees and CLS, JCAP 0706, 011 (2007)]

0 Determining the WIMP mass

m | _ xmy — mxRnp
T Ry — /mx /my

1)/2 1/n
er(n’::—,)z/ rmin,X/F)z((Qmin,X) +(n+ l)ln,X:| (X . Y)71 (n£0)

Ro= 1/2 2
2Quin x Mmin,x / F3 (Qmin,x) + lo,x

[CLS and M. Drees, arXiv:0710.4296]

0 Assuming a dominant Sl scalar WIMP-nucleus interaction

1/2
] = (mx/my)®/2my — myRe &y sz{nyx’min,X/F)z((Qmin,X) + lo,x

Xloe = 5/2 T 1/2
i Ro — (mx/my)3/ Ex 2Qm{n’yrmin,X/F)2/(Qmin,Y) + o,y

[M. Drees and CLS, JCAP 0806, 012 (2008)]
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Determination of the WIMP mass

0 Reconstructed my rec
(%Si + "°Ge, Qmax < 100 keV, 2 x 50 events)

50 + 50 events, Si and Ge, standard halo, me< 100 keV
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Estimation of the Sl scalar WIMP-nucleon coupling

0 Spin-independent (SI) scalar WIMP-nucleus cross section

si 4\ - 2 4\ o 402 2 (M)’ s
o5 = - mnN[pr—}-(A—Z)fn] 1<;> mnNA |fple = A —— T

mrp
4
Sl 2 2
Typ = (;) mr,p|fP|

fip,n): effective Sl scalar WIMP-proton/neutron couplings
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Estimation of the Sl scalar WIMP-nucleon coupling

0 Spin-independent (SI) scalar WIMP-nucleus cross section

si 4\ - 2 4\ o 402 2 (M)’ s
o5 = - mnN[pr—f-(A—Z)fn] 1<;> mrﬁNA |fple = A —— T

Mr,p
4
oS = (;) m? | f,)?
fip,n): effective Sl scalar WIMP-proton/neutron couplings

0 Rewriting the integral over fi(v)/v

dR EpoA2 T[4 2 [2QY2r. oany,
() o (S [ ] 2
dQ/ expt, @=Quy 2mxm?, N/ " my | F2(Qmin) F2(Qmin)
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L Estimation of the SI scalar WIMP-nucleon coupling

Estimation of the Sl scalar WIMP-nucleon coupling

0 Spin-independent (SI) scalar WIMP-nucleus cross section

si 4\ - 2 4\ o 402 2 (M)’ s
o5 = - mnN[pr—f-(A—Z)fn] 1<;> mrﬁNA |fple = A —— T

Mr,p
4
oS = (;) m? | f,)?
fip,n): effective Sl scalar WIMP-proton/neutron couplings

0 Rewriting the integral over fi(v)/v
—1
dR EpoA? /AN 5 o] o 2 [2QXrin 2 i
= = = £12 [ F2(Qmi all— [
(dQ>EXPt»Q:Qmin 2mym? [(W)'"r,p\ bl } (bl ity my | F2(Qmin) o F2(Qmin)

0 Estimating the Sl scalar WIMP-nucleon coupling

1/2
1 ™ 1 2Qmin zImin,Zz
L= — | — Z — +lo,z| (mx + mz
1% PO [4\@ <52A22\/mz>] F2(Qmin,z) z | mx )

[M. Drees and CLS, PoS IDM2008, 110 (2008)]
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Estimation of the Sl scalar WIMP-nucleon coupling

0 Reconstructed |fy|2. vs. reconstructed my rec
(°Ge (+ %8Si + "°Ge), Qmax < 100 keV, o3} = 1078 pb, 1(3) x 50 events)

°Ge (+ *°si + 7°ge), Quay < 100 keV, 1(3) x 50 events, 6, = 10° pb
AMIDAS

~
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> .
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Lo
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Ry N,
e g0
]
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[CLS, arXiv:1103.0481]
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Determination of the ratio of SD WIMP-nucleon couplings

0 Spin-dependent (SD) axial-vector WIMP-nucleus cross section

73 = (Z) ctmtn (252) Uswrap + (Syar)

32 3
sb 2 2 2
Oxp/n = (;) Gr M o/n” (Z) 9p/n

J: total nuclear spin
(S(p,m): expectation values of the proton/neutron group spin
a(p,n): effective SD axial-vector WIMP-proton/neutron couplings
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LDeterminations of ratios of WIMP-nucleon cross sections

Determination of the ratio of SD WIMP-nucleon couplings

0 Spin-dependent (SD) axial-vector WIMP-nucleus cross section

73 = (Z) ctmtn (252) Uswrap + (Syar)

32 3
sD _ 2,2 2
Txp/n = (;) GF M p/n” (Z) Fp/n

J: total nuclear spin
(S(p,m): expectation values of the proton/neutron group spin
a(p,n): effective SD axial-vector WIMP-proton/neutron couplings

0 Determining the ratio of two SD axial-vector WIMP-nucleon couplings
(i)SD _ <5p>X e <5p>YRJ,n

/)i, (SuxE(S)yRin

RJ,n = |:(JXJ:<-1> (JYle) g‘::|1/2 (n;éo)

[M. Drees and CLS, arXiv:0903.3300]
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Determination of the ratio of SD WIMP-nucleon couplings

0 Reconstructed (an/ap)fe'?;,l

(Ge + ¥Cl and °F + "1, Qmin > 5 keV, Qmax < 100 keV, 2 x 50 events,
m,, = 100 GeV)

"Ge +%7C1, Quyjy > 5 keV, Qurgy < 100 keV, 2 x 50 events, m, = 100 GeV "%F 4 71, Qi > 5 keV, Qpgy < 100 keV, 2 X 50 events, m, = 100 GeV/

5
AMIBAS, i isrvo L physlkurkuooigen daidarkmariramias) “AMIDAS 1 /5810 pLp Sk unltuebingen oo Garkmaltsyamioasy

g ¢
Ca o
< <
4
2
Bl @ /3. 50.1.50
"
“ ) 2 2 3 4

[
(@n /aghin

[CLS, JCAP 1107, 005 (2011)]
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Determinations of ratios of WIMP-nucleon cross sections

0 Differential rate for combined S| and SD cross sections

dr £l =D f
<£> -2 (5 Po"oz [FSZI(Q) + (%) cppéD(Q)] /Vmax [ﬂ] dv
expt, Q=Qrmin mym T v v

r,N ‘min

e (5 [etymny
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Determinations of ratios of WIMP-nucleon cross sections

0 Differential rate for combined S| and SD cross sections

xpP ‘min

dR = S f
(%) ol [F§|(o)+ (%) chsZD(o)] L7 [22]
dQ expt, Q=Qmin 2mer,N Ca % v

Co

g (#) [<Sp> + (a;/ap)<5n> r

0 Determining the ratio of two WIMP-proton cross sections

oo _ F2 v (Qmin,¥)Rm,xy — F& x(Qmin,x)
oo/ Cp,XFSZDyx(Qmin,X) - Cp,YFSZDyy(Qmin,Y)Rm,XY

2
R — | fmin,X Ey iy
™Y ex Fmin, Y mx
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Determinations of ratios of WIMP-nucleon cross sections

0 Differential rate for combined S| and SD cross sections

dR = S f
(%) ol [F§|(o)+ (%) chéo(o)] L7 [22]
dQ expt, Q=Qpmin 2my m &b v, v

r,N ‘min

Co

g (#) [<Sp> + (a;/ap)<5n> r

0 Determining the ratio of two WIMP-proton cross sections

oo _ F2 v (Qmin,¥)Rm,xy — F& x(Qmin,x)
oo/ Cp,XFSZDyx(Qmin,X) = Cp,YFSZDyy(Qmin,Y)Rm,XY

2
R — | fmin,X Ey iy
sy = Ex Fmin, Y my

0 Determining the ratio of two SD axial-vector WIMP-nucleon couplings

(an )SHSD - (Cp,Xsn/p,X - Cp,st/p,Y) + /G X,V

P

Sn/p,X Sn/p,Y|

2 _ 2
+ D XS/, X T Y Sh/py

af s +1\[(So)x 1?
X = —(L )F p>X] {Fszhz(omin,Z)Rm,YZ = F52|,y(0min,v)} Fszo,x(Qmin,x)
3\ Uy Ax

[M. Drees and CLS, arXiv:0903.3300]
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Determinations of ratios of WIMP-nucleon cross sections

rec

(*°F 4+ "1 + Si, Qmin > 5 keV, Qmax < 100 keV, 3 x 50 events,

o3, =1078/107%° pb, 3, = 0.1, my = 100 GeV)

0 Reconstructed (a,/a,)3 5P vs. (an/ap)rselzg

19, 127, 2, S0 1o, 127, 1, 2 S g0
F 4 1271 (4 2551), Q> 5 KeV, Gy < 100 ke, 203) x 50 events, 0, ' = 10 b, 3, = 0.1, m, = 100 Gev F+ 177 (4 i), i > 5KV, Qg < 100 keV, 2(3) x 50 events, 0, = 107 pb. 2, = 0.1, m, =100 GeV.

RNTDRS, Wip/pisrv0 pLphy Sl uni oDl gen da darkmalir amidas/ ANIDAS. Wipy isry0 pL B S un-lusbngen dGa ki amidas
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— === (/3 == (@3
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[CLS, JCAP 1107, 005 (2011)]

C.-L. Shan (XAO-CAS) December 31, 2016, NTHU p- 35



Progress of the AMIDAS Package for Reconstructing WIMP Properties
LDei:erminatiﬂns of the WIMP-nucleon couplings

LDeterminations of ratios of WIMP-nucleon cross sections

Determinations of ratios of WIMP-nucleon cross sections

SD /.Sl
and (UXn /UXP)rec
(*°F 4+ "1 + %Sj vs. >Na/"'Xe + "°Ge, Qmin > 5 keV, Qmax < 100 keV,
o5t =1078 pb, a, = 0.1, m,, = 100 GeV, 3/2 x 50 events)

XP
SI_g®
Q> 5 KeV, Qg < 100 keV, 3/2 x 50 events, 6., = 10 pb, a, = 0.1, m, = 100 GeV/

SD /sl
0 Reconstructed (030 /03),)

Qi > 5 keV, Quugy < 100 keV, 3/2 X 50 events, 6, = 10°® pb, a, = 0.1, m, = 100 GeV
1
AVIGAS Wi b0 A phyah u tuaoingen deidarkmarier amdas’ ° g
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Summary

1 Once two or more experiments with different target nuclei observe positive
WIMP signals, we could reconstruct

> WIMP mass m,

> 1-D velocity distribution f;(v)

> SI WIMP-proton coupling |f,|? (with an assumed po)
> ratio between the SD WIMP-nucleon couplings a,/a,
>

ratios between the SD and SI WIMP-nucleon cross sections Oi?p n)/ai'p

C.-L. Shan (XAO-CAS) December 31, 2016, NTHU p- 38



Progress of the AMIDAS Package for Reconstructing WIMP Properties

L / \ .
Summary XA0 Tl*ﬂesearch
g —

Summary

1 Once two or more experiments with different target nuclei observe positive
WIMP signals, we could reconstruct

> WIMP mass m,

> 1-D velocity distribution f;(v)

> SI WIMP-proton coupling |f,|? (with an assumed po)
> ratio between the SD WIMP-nucleon couplings a,/a,
>

ratios between the SD and SI WIMP-nucleon cross sections Ui?p n)/ai'p

0 With an assumed f1 1 (v), one can fit f1(v) by using Bayesian analysis.
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Summary

1 Once two or more experiments with different target nuclei observe positive
WIMP signals, we could reconstruct

> WIMP mass m,

> 1-D velocity distribution f(v)

> S| WIMP-proton coupling |f,]|? (with an assumed po)
> ratio between the SD WIMP-nucleon couplings a,/a,
>

ratios between the SD and SI WIMP-nucleon cross sections ai?p n)/ai'p

0 With an assumed f; 1 (v), one can fit f1(v) by using Bayesian analysis.

0 For these analyses the local density, the velocity distribution, and the
mass/couplings on nucleons of halo WIMPs are not required priorly.
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Summary

1 Once two or more experiments with different target nuclei observe positive
WIMP signals, we could reconstruct

> WIMP mass m,

> 1-D velocity distribution f(v)

> S| WIMP-proton coupling |f,]|? (with an assumed po)
> ratio between the SD WIMP-nucleon couplings a,/a,
>

ratios between the SD and SI WIMP-nucleon cross sections ai?p n)/ai'p

0 With an assumed f; 1 (v), one can fit f1(v) by using Bayesian analysis.

0 For these analyses the local density, the velocity distribution, and the
mass/couplings on nucleons of halo WIMPs are not required priorly.

0 For a WIMP mass of O(100 GeV), with only O(50) events from one
experiment and less than ~ 20% unrejected backgrounds, these quantities
could be estimated with statistical uncertainties of 10% — 40%.
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Thank you very much for your attention!

C.-L. Shan (XAO-CAS) December 31, 2016, NTHU p- 39



	AMIDAS package
	Motivation

	Reconstruction of the 1-D WIMP velocity distribution
	With measured recoil energies
	With a non-negligible threshold energy
	With a model of the WIMP velocity distribution

	Determination of the WIMP mass
	Determinations of the WIMP-nucleon couplings
	Estimation of the SI scalar WIMP-nucleon coupling
	Determinations of ratios of WIMP-nucleon cross sections

	Summary

