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Motivation

0 Differential event rate for elastic WIMP-nucleus scattering
o [ 5]
= = AF d
dQ $2 min(@) LV

Here

Vmin(Q) = a/Q

is the minimal incoming velocity of incident WIMPs that can deposit the
recoil energy @ in the detector,
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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 Measured recoil spectrum
(76Ge, 0 - 100 keV, exponential bg 0 - 100 keV, 500 events, 20% bg, my = 10 GeV)

7°Ge, Qpuay < 100 keV, Qg g < 100 keV, 500 events (20% exponential bg), m, = 10 GeV
1
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0 Measured recoil spectrum

(76Ge, 0 - 100 keV, exponential bg 0 - 100 keV, 500 events, 20% bg, my = 25 GeV)

7°Ge, Qpuay < 100 keV, Qg g < 100 keV, 500 events (20% exponential bg), m, = 25 GeV
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Reconstruction of the 1-D WIMP velocity distribution

0 Normalized one-dimensional WIMP velocity distribution function
10 =5 {205 [y (70)]f oo
oo -1
=\ 7 @ ()]}
1 Moments of the velocity distribution function
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[M. Drees and CLS, JCAP 0706, 011 (2007)]
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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
dQ / expt, @~y by
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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
Q— Qnln= i,, ;(Qn,i —Qn) = <bzﬂ> coth (knzbn) _ l

_ 1 sinh(k,,b,,/Z)}
Qs,n =Q@n+ o In [7knbn/2

0 Reconstructing the one-dimensional WIMP velocity distribution
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[M. Drees and CLS, JCAP 0706, 011 (2007)]
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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
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Determination of the WIMP mass

0 Estimating the moments of the WIMP velocity distribution

1/2 -1 (n+1)/2
2Q ) i 2QY" f
Wy = a” {me &0, o, /0} [70“" fmin 4 (n+ 1)4
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Determination of the WIMP mass

0 Estimating the moments of the WIMP velocity distribution

1/2 -1 (n+1)/2
2Q in fmin 2@, min
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[M. Drees and CLS, JCAP 0706, 011 (2007)]

0 Determining the WIMP mass

m | _ xmy — mxRnp
T Ry — /mx /my

(n+1)/2 3 1/n
2Q. I F& (Qmi + (n+ 1)/,
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[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
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[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)
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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
—1
dR EpoA? /AN 5 o] o 2 [2QXrin 2 i
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0 Estimating the Sl scalar WIMP-nucleon coupling

1/2
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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
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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
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
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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
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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,

my = 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
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[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
<dQ>eXPt,Q:Qmin - <2mxm$,N A o G /Vmin [ v ] “

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

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
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P
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2 _ 2
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3\ Uy Ax

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

0 Reconstructed (a,/ap)

SI+SD

rec

VvsS. (an/ap)rse%l

(*°F 4+ "1 + Si, Qmin > 5 keV, Qmax < 100 keV, 3 x 50 events,
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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
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Effects of 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) (before correction!)
("°Ge, 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
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°
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

1/2 !
QQmin (dR + lo(Qmim Q:mx):|

- E ~ - 1/2 | “™min [ 9N
N = o |:f1,re<:(vm|n) Qmin + F2(Qmin) dQ)expt, Q=Qmin
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= o o 2Qmin r( Qmin) d 2
frec(Vmin) = | =72~ | | 5= InF —k
) [ F2(Qmin) } [dQ e Q=Grin 1]

(ﬁ) =r 1 @nin=Q.1) = 1(Quin)
dQ expt, Q=Qmin

Qnax 1 dR (n=1)/2
i * (n—1)/2 P =8
In(Qmin, @max) = /Q Q [F2(Q) (dQ)] dQ — Za: F2(Qa)

min

2
] v,
Qrax = min (QmaX7 Qmax,kin = m;x)
@

[CLS, IJMPD 24, 1550090 (2015)]
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L Reconstruction of the 1-D WIMP velocity distribution

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

0 Reconstructed fi rec(Vs,n) with the input WIMP mass (after correction!)
("®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)]
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L Reconstruction of the 1-D WIMP velocity distribution S

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

0 Reconstructed fi rec(Vs,n) with the input WIMP mass (after correction!)
("%Ge, 5 - 50 keV, 500 events, m, = 25 GeV)

7°Ge, Quyp > 5 keV, Qg < 50 keV, 500 events, m, = 25 GeV, 4 bins, up to 2 bins per window
0.006 - -

AMIDAS

= Ti.gen, shV)

—— i gaa inpulV)
0.005 1

0.004

0.003 -

T, rec(V) [s/km]

0.002

0.001

300 400 600 700
v [km/s]

[CLS, 1JMPD 24, 1550090 (2015)]
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L Reconstruction of the 1-D WIMP velocity distribution A

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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L Reconstructions of WIMP particle properties (current work...) N’

Reconstruction of |£,|?> with a non-negligible threshold energy

0 Reconstructed |f,|%. (before correction...)
("®Ge (+ 28Si + "©Ge), 5 - 100 keV, 50 events)

7°Ge (+ 2%si + 7°ge), Quyp > 5/0/0 keV, Qg < 100 keV, 1(3) x 50 events, 6, = 10° pb
T

)

Ifolrec [x 10717 GeV¥)

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

[CLS, arXiv:1103.0481]
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Reconstruction of |£,|?> with a non-negligible threshold energy

0 Reconstructed |f,|2. (after correction)

("®Ge, 5 - 100 keV, 50 events)

7%Ge, Qpp > 5 ke, Qpgy < 100 keV, 50 events, a5y = 10°° pb

AIDAS i mp————
Rl
sL e ol
\
\
\

— \
A \\
>
St \\ N
E \ . T
ID \\ l:
2 . B e
X, AN . -
NEL Y /
= A P .
= Pl

Al . '.' Teel

! 5 10 20 30 50 70 100 200

My in [GeV]
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Reconstruction of |£,|?> with a non-negligible threshold energy

rec

0 Reconstructed |f,|2. (after correction)
("®Ge, 2.5 - 100 keV, 50 events)

70Ge, Quyip > 2.5 keV, Qg < 100 keV, 50 events, oy = 10 pb
AMICAS 1 rpa———

x 108 Gev*
IS

2
[folrec
»

5 10 20 30 50 70 100 200
My in [GeV]
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L Reconstructions of WIMP particle properties (current work...)

Reconstruction of |£,|?> with a non-negligible threshold energy

0 Reconstructed |f,|2. (after correction)
("®Ge, 0.5 - 100 keV, 50 events)

70Ge, Qi > 0.5 keV, Qg < 100 keV, 50 events, ay= 10 pb
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L Reconstructions of WIMP particle properties (current work...)
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Determinations of (a,/a,) with a non-negligible threshold energy

0 Reconstructed (an/ap)nd >0 vs. (an/ap)re. (before correction...)

(PGe + ¥Cl (+ BSi) / °F + ™1 (+ 8Si), 5 - 100 keV, 2/3 x 50 events,
an/ap = 0.7)

3 1 o (0 2 Si_qg0 10p, 127, 2, SI_ g0 -
'Ge + 7CI(+ 25, Qg > S KoV, Qg < 100 keV, 2(3) x50 events, 6, =107 pb, 3, = 0.1, ay/2, = 0.7 F+ 1771 (+ 221, Qpyp > S KoV, Qg <100 keV, 2(3) x50 events, 6, = 107 pb, 3, = 0.1, a/a, = 0.7

1 2
ANIDAS WL pisrv0 i physi unilueoingen dadarematir/amidas/ AIDAS. Wip plsr . i physi ani-sbingen d s alir/amidas’

& )
< <
o5
04 == (o Kl === @Ay
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(2 /3prec, 51150.5n (8 3ghrac, 511505
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0 w0 s 70 1w o a0 500 700 1000 I R 200 a0 50 700 1000
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Determinations of (a,/a,) with a non-negligible threshold energy
D (after correction)

0 Reconstructed (an/ap)rc =0 vs. (an/ap)ie

(*°F + ™71 (+ ?8Si), 5 - 100 keV, 2 x 50 events, an/a, = 0.7)

19 + 1271 (3 288i), Quyip > 5 KoV, Qg < 100 ke, 2(3) x 50 events, o5y = 10°° pb, a, = 0.1, a/a, = 0.7

AMIDAS it

@/ %)

200

30 50 70 100
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L Reconstructions of WIMP particle properties (current work...)

XAOD
A4

.”-- o
&

Determinations of (a,/a,) with a non-negligible threshold energy

0 Reconstructed (an/ap ) >P

rec

SD

vs. (an/ap)rec.1 (after correction)

(*°F + 71 (+ ?8Si), 2.5 - 100 keV, 2 x 50 events, an/a, = 0.7)

"9 + 1271 (+ 258, Qi > 2.5 keV, Qg < 100 keV, 2(3) x 50 events, oy =10 pb, a, = 0.1, a/a, = 0.7

AMIDAS it

@/ %)
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Determinations of (a,/a,) with a non-negligible threshold energy

0 Reconstructed (an/ap)nad >0 vs. (an/ap)re.y (after correction)

(*°F + 71 (+ ?8Si), 0.5 - 100 keV, 2 x 50 events, an/a, = 0.7)

"9 + 1271 (+ 258, Qi > 0.5 keV, Qg < 100 keV, 2(3) x 50 events, oy =10 pb, a, = 0.1, a/a, = 0.7

AIOAS
» ‘l v
N ‘- ‘\
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Summary

0 The effects of the threshold energy can be reduced and the reconstruction
of fi(v) can be corrected pretty well.
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Summary

0 The effects of the threshold energy can be reduced and the reconstruction
of fi(v) can be corrected pretty well.

; 2
Q Thg reconstructions of |f,|%, an/ap and O'X(p n)/U seem to be able to also
be improved significantly.
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Summary
0 The effects of the threshold energy can be reduced and the reconstruction

of fi(v) can be corrected pretty well.

; 2 gy
Q Thg reconstructions of |f,|%, an/ap and UX(P n)/Oxp S€em to be able to also
be improved significantly.

0 However, once the WIMP mass is as light as m, ~ O(5 GeV), there are
still some technical details to be considered carefully.
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Summary

0 The effects of the threshold energy can be reduced and the reconstruction
of fi(v) can be corrected pretty well.

Q The reconstructions of |f,[?, a,/ap and o301 /0%, seem to be able to also
be improved significantly.

0 However, once the WIMP mass is as light as m, ~ O(5 GeV), there are
still some technical details to be considered carefully.

0 We are still working on the strongly corrected statistical uncertainties on
the reconstructed WIMP properties...
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Summary

0 The effects of the threshold energy can be reduced and the reconstruction
of fi(v) can be corrected pretty well.

Q The reconstructions of |f,[?, a,/ap and o301 /0%, seem to be able to also
be improved significantly.

0 However, once the WIMP mass is as light as m, ~ O(5 GeV), there are
still some technical details to be considered carefully.

0 We are still working on the strongly corrected statistical uncertainties on
the reconstructed WIMP properties...

Thank you very much for your attention!

C.-L. Shan (XAO-CAS) TeVPA 2017, August 10, 2017 p- 39



	Motivation
	Model-independent data analyses
	Reconstruction of the 1-D WIMP velocity distribution
	Determination of the WIMP mass
	Estimation of the SI scalar WIMP-nucleon coupling
	Determinations of ratios of WIMP-nucleon cross sections

	Effects of a non-negligible threshold energy
	Reconstruction of the 1-D WIMP velocity distribution
	Reconstructions of WIMP particle properties (current work...)

	Summary

