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What can we do with direct detection data
0 Differential event rate for elastic WIMP-nucleus scattering
ﬁ _ 5 Vesc f'l(v)
o = AF (Q)/V {T }dv

Here

Vmin = 05\/5

is the minimal incoming velocity of incident WIMPs that can deposit
the recoil energy Q in the detector.
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A 2mym? 2m?
po: WIMP density near the Earth
0o: 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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What can we do with direct detection data
0 Determining the moments of the velocity distribution of halo WIMPs
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What can we do with direct detection data
0 Determining the moments of the velocity distribution of halo WIMPs
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0 Determining the WIMP mass
Xy — mxRa

my = —_——
x Rnp — \/mx/my
Rp= ay
ax
n 1/n
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[CLS and M. Drees, arXiv:0710.4296]
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Motivation
0 Determining the nature of halo WIMPs?

0 (Neutralino) LSP or LKP?

e.g., G. Bertone et al., PRL 99, 151301 (2007)

0 Without knowing the WIMP mass?
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[http://dmtools.berkeley.edu/limitplots/]
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0 Determining the nature of halo WIMPs?

0 (Neutralino) LSP or LKP?

e.g., G. Bertone et al., PRL 99, 151301 (2007)

0 Without knowing the WIMP mass?

0 pv

0
‘ Gaeel, Mandie Fiipin|

Cross-section [em”] (normalised to nucleon)

10 10° 10
WIMP Mass [GeV]

[http://dmtools.berkeley.edu/limitplots/]

0 Determining the local WIMP density?
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Ratio of two WIMP-nucleus cross sections
0 —1-st moment of the WIMP velocity distribution

dR Vesc fi(v)
— = EAF?(Qthre / { } d
( dQ) Q= Qe (Qthre) v

J Vmin (Qthre) v
000 1 2rh
=& piz F2(chre) T 1/2 thre
2mer,N a | 2Q,

‘thre "thre + IOFz(chre)
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Ratio of two WIMP-nucleus cross sections
0 —1-st moment of the WIMP velocity distribution

() a1
dQ Q=Qthre  Vinin(Qthre) v

o 1 2nthre
=& <'0002> F2(chre) C |: L

1/2
2mer,N « 2(?th/re’(thre + IOFZ(chre)

0 Determining the local WIMP density (or the total cross section)

(N, \/@ 2Querive |
pPOO0 = z x Mr,N 5 7F2(chre) 0
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Ratio of two WIMP-nucleus cross sections
0 —1-st moment of the WIMP velocity distribution

() a1
dQ / —Qure S viin(Qunre) LV

£000 1 2n
=& (22> F2(chre) - |: 72 thre
mer,N « 2(?thre’(thre + IOFZ(chre)

0 Determining the local WIMP density (or the total cross section)
_ 1 TN 2(?:h/rzrthre
pooo = (E) mxmr,N\/7 |:F2(chre) + 1o
0 Ratio of two WIMP-nucleus cross sections

Ex

1/2
70,X (SY) my x+/Mx 2ch/re,Xrth'evX + lo,x Fz (Qthre,x) |:F\2/(chre,Y):|

= 1/2 2
90, My y~/my 2ch/re’yrthre,Y + 1o,y F2(Qupre,v) | | Fx(Qehre,x)
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Only the SI cross section
0 Spin-independent (SI) WIMP-nucleus cross section (neutralino)

4 2 my N 2
US':<;) miy[ 2+ (A= 2)f] :A2<—) o3

Mr,p
sl _[(4) 2 o
0N = (;) mrypfp

fo, fo: effective WIMP-proton/neutron Sl coupling
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Only the Sl cross section
0 Spin-independent (SI) WIMP-nucleus cross section (neutralino)

4 2 m 2
o = (=) min[zh + (A= D] = A2 (22N o3,
v

Mrp
4
Sl 2 2
Ixp = (; mp oty

fo, fo: effective WIMP-proton/neutron Sl coupling

0 Determining the WIMP mass

Sl N/ MmMxmy — megl
x 'R(S)lf\/mx/my

2
RS = <ﬂ) Ro
mx

m

. QQtlh/,z,Xfthre,x + o, x F2(Qthre,x) (X yy!
0= —
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Only the Sl cross section

0 Reproduced WIMP mass m3' / m,
(1 — 200 keV, Ge + 28Si, 50 + 50 / 25 + 25 events)

Qimax = 200 ket Omin = 1 ke¥, 50 + 50 events, Ge-76 + Si-28 Qrmax = 200 keY, Omin =1 ke, n= 1,25 + 25 events, Ge-76 + 5i-28
400 400
' 3007 " 3001
b4 [+]
9, o)
k=] -~
B8 2001 3‘ 2001
- .
2 5
g g
100 1001
4 B
e T \ 0] e ‘
0 50 100 150~ 200 50 100"~ 150 200
mchi_in[GeV] - mchi_in[GeV] R

[CLS and M. Drees, arXiv:0710.4296]

O A smaller deviation, but a larger statistical error!
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Only the SD cross section
0 Spin-dependent (SD) WIMP-nucleus cross section

oS0 — <3ﬂ£> GE 2y (J—jl> [a0(S5) +an<sn>]2

32 3
D _ 2 2 2
Ixp/n = (?) GE M/ (Z) Fp/n

J: total nuclear spin
(Sp), (Sa): expectation value of the proton/neutron group spin
ap, an: effective WIMP-proton/neutron SD coupling
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Only the SD cross section
0 Spin-dependent (SD) WIMP-nucleus cross section

oS0 — <3ﬂ£> GE 2y (J—jl> [a0(S5) +an<sn>]2

32 3
D _ 2 2 2
Ixp/n = (?) GE M/ (Z) Fp/n

J: total nuclear spin
(Sp), (Sa): expectation value of the proton/neutron group spin
ap, an: effective WIMP-proton/neutron SD coupling

SD

IZImX

:mX

= () O By

2
Ro =Rn

0 Ratio of two SD WIMP-nucleon couplings

(i)j N _% o= KJxJil) (JYJj1> %}1/2
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Only the SD cross section
0 Reproduced (a,/a,)3°
5 — 15 keV) Ge + 37Cl, 50 + 50 events, m, = 100 GeV/c?)

b_1 = 10 keV, Qmin =& keV, mchi = 100 GeV, 50 + 50 events

an/ap[out]

O Two intersections: —(S,)x/{Sa)x, —(Sp)v/{Sn)v

0 (an/ap)3P or (an/ap)3P: depends on (S.)x £ (Sa)y Ry

0 o(an/ap)SP is independent of m,, (for m, > 30 GeV/c?)
0 Need only events in low energy range!
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Combining the Sl and SD cross sections
0 Differential rate for the combination of the SI and SD cross sections

ﬁ Y Vesc fl(V)
90 =AF(Q) - {—V } dv
with
A = —Zm:ﬁniN F(Q) = 0§ F3(Q) + 05PFén(Q)
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Combining the Sl and SD cross sections

0 Differential rate for the combination of the SI and SD cross sections
drR vese [ £(v)
dQ—A]:(Q) {7‘/ }dv

with
A = PO
2my mr2,N

F(Q) = 05 F&(Q) + 05 Fép(Q)

0 Determining the local WIMP density

1 TN 2Q§|1/2rthre gnil)/z
=(=]|mwm — | = I, = —_
PO <5> X r,N\/ > |: F(Qure) 0 n ; F(Qa)
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Combining the Sl and SD cross sections
0 Differential rate for the combination of the SI and SD cross sections

with
A = PO

m f(Q)fUOIFa(Q)JFUgDFSD(Q)

0 Determining the local WIMP density
1 mn [ 2Q 2 e (n—1)/
— (= . N | ZXthre thre I, = Xa
P <5> '"X"””\/ 2 [f(othre) o 2 Fa)
0 Eliminating o

1/2
Fx (Qthre,x) _ <(€Y)mr,X\/mX 2ch/re?)<rthre,X + lo, x Fx (Qthre,x)
Fy (Qthre,y) Ex /) myy/my 2Qt1h/r§ v fihre,y + o,y Fy (Qthre,v)

2
( >mr X/ m <rthreX> R (rthre,X>( Sy )(mnX)
1=

Me y /My \ Fhre,y Ex Fthre,y / \ Myy
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Combining the Sl and SD cross sections

0 Ratio of two WIMP-nucleon cross sections

Uig _ F52|,y(chre,Y)Rm,XY - F52|7x(chre,X)
Uilp Cp,XFgD‘X(chre,X) - Cp,YFgD,y(chre,Y)Rm,XY

o35 (B nn ()23

Ex Ithre,y / \ Mx
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Combining the Sl and SD cross sections
0 Ratio of two WIMP-nucleon cross sections

O’ig _ Fs2|,y(chre,Y)Rm,XY - s2|’x(chre,X)
U>S<|p Cp,XFSD‘X(chre,X) - Cp,YFSD y(chre,Y)Rm,XY

. g (le) {<SP>+(3/:/3P)<SH>} Rumxy = (rthrex>(,threy>< )

0 Ratio of two SD WIMP-nucleon couplings (3 nuclei, (S,/,)z = 0)
<i>sHSD _ (Cp,XSn/p,X - Cp,st/p,Y) + Vp,XCp,Y }Sn/p,X - Sn/p,Y|

a»)y Cp,XSs/p,x - Cp,st/p,Y
- V. X /Sy
= (sn/p,X > Sn/p»Y)
VCp,X5n/p,X T \/Cp,YSn/p,Y
4 (Jx +1\ [(Sp)x 1>
Cp,X = 3( XJX > {%} {FSZLZ(chre,Z)Rm,YZ - FSZLY(chre,Y)] F52D,X(chre,X)
_ (Sn)
=S
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Combining the Sl and SD cross sections
0 Reproduced (a,/a,)3*P
(515 keV, Ge + 3Cl + 28Si, 50 + 50 + 50 events,
o3y =5x1071 pb / 1078 pb, a, = 0.1, m, = 100 GeV/c?)

b_1 =10 keV, Qrin =5 ke¥/, mchi = 100 Ge'', 50 +50 + 50 events

b1 = 10 keV, Qimin = 5 ke, mchi = 100 GeV/, 50 +50 +50 events
v .

a

an/ap[out]
an/ap[out]
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\—Combining the Sl and SD cross sections

Combining the Sl and SD cross sections

0 Reproduced (a,/a,)2"P and (a,/a,)3°
(515 keV, Ge + 3Cl + 28Si, 50 + 50 + 50 events,
o3y =5x1071 pb / 1078 pb, a, = 0.1, m, = 100 GeV/c?)

b_1 =10 keV, Gimin = 5 keW/, mehi = 100 GV, 50 +50 + 50 events b_1 =10 keV, Gimin = 5 ke, mehi = 100 Ge/, 50 +50 +50 events

A

i g

an/ap[out]
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Combining the Sl and SD cross sections

0 Ratio of two WIMP-nucleon cross sections

oS F3 v (Qthre, Y )R, xy — F& x(Qthre,x)
0%y CoxF25 x(Qthre x) —EprFépytRmmeTRomr
with
o=t <J+1) [(5p)-'—€9rw‘9n9'('5rr)'r
P73\ J A

2
Fthre, X Ey my
R == —
mxY ( Ex >< fthre,Y><mX)

0 Reducing the uncertainty:
0 Choosing (S,/n)y =0
Coy =0
0 Choosing (Sy)x > (Sa)x =~ 0 or (Si)x > (Sp)x ~0

4 (Ix+1Y\ [(Sp)x]? 4 (Ix+1\ [(Sn)x]?
Cox~ < | —— Cox ~ >
3 Ix Ax 3 JIx Ax
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Combining the Sl and SD cross sections

0 Reproduced o (035/0%,) / (0%p/0%) | o%0/o%
(5 — 15 keV, °Ge + 2Na ((S,) = 0.248, (S,) = 0.020), 50 + 50 events,

a, =0.1, a,/a, = 0.7, m, = 100 GeV/c?)
8) pb. (anfap)_in=0.7, 50+50 events

b_1=10 keV, Omin=5 keV.sigma_5+p=104(8) pl

b_1 =10 ke¥, Qmin =5 keV, (an/ap)_in=07, 50 +50 everts

1.06

-3
|

relative uncertainty
-
o
— ¥

2
sigma SD-p / sigma_SI-p[x 1075]
-

200

150

0.981 p
o
1¢c-09 1c-08 1e-07 100
mchi in[GeV]

sigma_SI-p[pb]

le-11 1e-10
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Combining the Sl and SD cross sections
0 Reproduced o (O’iE/O’ilp) / (Ui?/ailp) | o /oS,
(5 - 15 keV, Ge + 0 ((S,) =0, (S.) = 0.495), 50 + 50 events,
a, =0.1, a,/a, = 0.7, m, = 100 GeV/c?)
b, (anfap)_in=0.7, S0+50 events

b_1=10 keV, Omin=5 keV.sigma_5+p=104(8) pl

b_1 =10 ke¥, Qmin =5 keV, (an/ap)_in=07, 50 +50 everts
3

0.981

relative uncertainty

o
8

sigma SD-n / sigma SI-p[x 10"5]
- :

0.971
.~

100 150 200
mchi in[GeV]

Teon le.08 Tc07

ledl  1e10
sigma_SI-p[pb]
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0 Assuming only the S| cross section, we have a second expression for
determining the WIMP mass.
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0 Assuming only the S| cross section, we have a second expression for
determining the WIMP mass.

0 Assuming only the SD cross section, we can determine a,/ap.

0 Combining the Sl and SD cross sections, we can determine a,/a,
SD /sl
and pr/n/axp.
0 Our method is independent of the halo model as well as the WIMP
mass.

0 We need only O(50) measured recoil energies from each experiment
in low energy range.
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Summary

O

Assuming only the S| cross section, we have a second expression for
determining the WIMP mass.

Assuming only the SD cross section, we can determine a,/a,.

Combining the Sl and SD cross sections, we can determine a,/a,

SD Sl
and o7, /0%

Our method is independent of the halo model as well as the WIMP
mass.

We need only O(50) measured recoil energies from each experiment
in low energy range.

Thank you very much for your attention

C. L. Shan, Universitat Bonn ENTApP Visitor Program, DESY, Hamburg
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