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❑ Differential event rate for elastic WIMP-nucleus scattering

dR

dQ
= AF 2(Q)

∫ vesc

vmin

[
f1(v)

v

]
dv

Here

vmin = α
√

Q

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

A ≡ ρ0σ0

2mχm2
r,N

α ≡
√

mN

2m2
r,N

mr,N =
mχmN

mχ + mN

ρ0: WIMP density near the Earth
σ0: total cross section ignoring the form factor suppression
F (Q): elastic nuclear form factor
f1(v): one-dimensional velocity distribution of halo WIMPs
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❑ Determining the moments of the WIMP velocity distribution

〈vn〉 = αn

[
2Q

1/2
min rmin

F 2(Qmin)
+ I0

]−1 [
2Q

(n+1)/2
min rmin

F 2(Qmin)
+ (n + 1)In

]

In =
∑

a

Q
(n−1)/2
a

F 2(Qa)
rmin =

(
dR

dQ

)
Q=Qmin

[M. Drees and CLS, JCAP 0706, 011]
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Q
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F 2(Qa)
rmin =
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dR

dQ
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Q=Qmin

[M. Drees and CLS, JCAP 0706, 011]

❑ Determining the WIMP mass

mχ =

√
mX mY −mXRn

Rn −
√

mX /mY

Rn ≡
αY

αX

=

2Q
(n+1)/2
min,X rmin,X /F 2

X (Qmin,X ) + (n + 1)In,X

2Q
1/2
min,X rmin,X /F 2

X (Qmin,X ) + I0,X

1/n(
X −→ Y

)−1
(n 6= 0)

[M. Drees and CLS, JCAP 0806, 012]
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❑ Spin-independent (SI) WIMP-nucleus cross section

σSI
0 =

(
4

π

)
m2

r,N

[
Zfp + (A− Z)fn

]2
'
(

4

π

)
m2

r,NA2f 2
p = A2

(
mr,N

mr,p

)2

σSI
χp

σSI
χp/≡

(
4

π

)
m2

r,pf
2
p

fp, fn: effective WIMP-proton/neutron SI coupling

❑ Determining the WIMP mass

mSI
χ =

(mX /mY )5/2 mY −mXRσ

Rσ − (mX /mY )5/2
=

√
mX mY −mXRSI

σ

RSI
σ −

√
mX /mY

RSI
σ ≡

(
mY

mX

)2

Rσ

Rσ =
EY

EX

 2Q
1/2
min,X rmin,X /F 2

X (Qmin,X ) + I0,X

2Q
1/2
min,Y rmin,Y /F 2

Y (Qmin,Y ) + I0,Y


[M. Drees and CLS, JCAP 0806, 012]
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❑ Reconstructed mχ

(Qmax < 100 keV, 76Ge + 28Si, 50 + 50 events)

[M. Drees and CLS, JCAP 0806, 012]
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Motivation

❑ Determining the nature of halo WIMPs?

❑ Identifying (neutralino) LSP or LKP?
e.g., G. Bertone et al., PRL 99, 151301 (2007)

❑ Without knowing the WIMP mass?

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

❑ Determining the local WIMP density?
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Estimating ratios of WIMP-nucleon cross sections

❑ −1-st moment of the WIMP velocity distribution(
dR

dQ

)
Q=Qmin

= EAF 2(Qmin)

∫ vesc

vmin(Qmin)

[
f1(v)

v

]
dv

= E
(

ρ0σ0

2mχm2
r,N

)
F 2(Qmin) ·

1

α

[
2rmin

2Q
1/2
min rmin + I0F 2(Qmin)

]
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❑ −1-st moment of the WIMP velocity distribution(
dR

dQ

)
Q=Qmin

= EAF 2(Qmin)

∫ vesc

vmin(Qmin)

[
f1(v)

v

]
dv

= E
(

ρ0σ0

2mχm2
r,N

)
F 2(Qmin) ·

1

α

[
2rmin

2Q
1/2
min rmin + I0F 2(Qmin)

]

❑ Product of the local density times the WIMP-nucleus cross section

ρ0σ0 =

(
1

E

)
mχmr,N

√
mN

2

[
2Q

1/2
min rmin

F 2(Qmin)
+ I0

]

❑ Ratio of two WIMP-nucleus cross sections

σ0,X

σ0,Y
=

(
EY

EX

)
mr,X

√
mX

mr,Y
√

mY

 2Q
1/2
min,X rmin,X + I0,X F 2

X (Qmin,X )

2Q
1/2
min,Y rmin,Y + I0,Y F 2

Y (Qmin,Y )

[F 2
Y (Qmin,Y )

F 2
X (Qmin,X )

]

[M. Drees, M. Kakizaki and CLS, UCLA Dark Matter 2008]
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Only the SD cross section

❑ Spin-dependent (SD) WIMP-nucleus cross section

σSD
0 =

(
32

π

)
G2

F m2
r,N

(
J + 1

J

)[
ap〈Sp〉+ an〈Sn〉

]2
σSD

χp/n =

(
32

π

)
G2

F m2
r,p/n ·

(
3

4

)
a2
p/n

J: total nuclear spin
〈Sp〉, 〈Sn〉: expectation value of the proton/neutron group spin
ap, an: effective WIMP-proton/neutron SD coupling

❑ mSD
χ = mχ

RSD
σ ≡

(
JX

JX + 1

)(
JY + 1

JY

)[
ap〈Sp〉Y + an〈Sn〉Y
ap〈Sp〉X + an〈Sn〉X

]2

Rσ = Rn

❑ Determining the ratio of two SD WIMP-nucleon couplings(
an

ap

)SD

±
= −

〈Sp〉X ± 〈Sp〉YRJ

〈Sn〉X ± 〈Sn〉YRJ
RJ ≡

[(
JX

JX + 1

)(
JY + 1

JY

)
Rσ

Rn

]1/2

[M. Drees, M. Kakizaki and CLS, UCLA Dark Matter 2008]
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Estimating ratios of WIMP-nucleon cross sections

Only the SD cross section

❑ Reproduced (an/ap)
SD
±

(5 – 15 keV, 73Ge + 37Cl, 50 + 50 events, mχ = 100 GeV/c2)

[M. Drees, M. Kakizaki and CLS, UCLA Dark Matter 2008; in progress]
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Estimating ratios of WIMP-nucleon cross sections

Combining the SI and SD cross sections

❑ Differential rate for the combination of the SI and SD cross sections(
dR

dQ

)
Q=Qmin

= E
(

ρ0σ
SI
0

2mχm2
r,N

)
F ′2SI (Qmin) ·

1

α

[
2rmin

2Q
1/2
min rmin + I0F ′2SI (Qmin)

]

F ′2SI (Q) ≡ F2
SI(Q) +

(
σSD

χp

σSI
χp

)
CpF2

SD(Q) Cp ≡
4

3

(
J + 1

J

)[ 〈Sp〉 + (an/ap)〈Sn〉
A

]2

C. L. Shan, Cosmo08, Madison, Wisconsin, USA p. 18



Constraining the Spin-Independent WIMP-Nucleon Coupling from Direct Dark Matter Detection Data

Estimating WIMP-nucleon cross sections

Estimating ratios of WIMP-nucleon cross sections

Combining the SI and SD cross sections
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1/2
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SD(Q) Cp ≡
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3

(
J + 1

J

)[ 〈Sp〉 + (an/ap)〈Sn〉
A

]2

❑ Determining the ratio of two WIMP-proton cross sections
σSD

χp

σSI
χp

=
F2

SI,Y (Qmin,Y )Rm,XY − F2
SI,X (Qmin,X )

Cp,X F2
SD,X

(Qmin,X )− Cp,Y F2
SD,Y

(Qmin,Y )Rm,XY

Rm,XY ≡
(

rmin,X

EX

)(
EY

rmin,Y

)(
mY

mX

)2

❑ Determining the ratio of two SD WIMP-nucleon couplings(
an

ap

)SI+SD

±
= −

√
cp,X ∓√

cp,Y
√

cp,X sn/p,X ∓√
cp,Y sn/p,Y

(
sn/p,X > sn/p,Y , sn/p ≡ 〈Sn〉/〈Sp〉

)

cp,X ≡
4

3

(
JX + 1

JX

)[
〈Sp〉X

AX

]2[
F2

SI,Z (Qmin,Z )Rm,YZ − F2
SI,Y (Qmin,Y )

]
F2

SD,X (Qmin,X )

[M. Drees, M. Kakizaki and CLS, UCLA Dark Matter 2008]
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Constraining the SI WIMP-nucleon coupling

❑ We can estimate ratios of each two of the three WIMP-nucleon
cross sections model-independently.

➢ Can we determine any one of them further?
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Constraining the SI WIMP-nucleon coupling

❑ We can estimate ratios of each two of the three WIMP-nucleon
cross sections model-independently.

➢ Can we determine any one of them further?

➢ Unfortunately, no!

➢ But, if we release some constraints or add some assumptions?

➢ Let’s go back to look at the expression for the product of the local
density times the WIMP-nucleus cross section:

ρ0σ
SI
0 =

(
1

E

)
mχmr,N

√
mN

2

 2Q
1/2
min rmin

F2
SI

(Qmin)
+ I0
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➢ We can estimate each term on the right-hand side, including mχ!
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➢ We can estimate each term on the right-hand side, including mχ!

➢ If we accept the standard assumption for the local DM density...
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❑ We can estimate ratios of each two of the three WIMP-nucleon
cross sections model-independently.

➢ Can we determine any one of them further?

➢ Unfortunately, no!

➢ But, if we release some constraints or add some assumptions?

➢ Let’s go back to look at the expression for the product of the local
density times the WIMP-nucleus cross section:

ρ0σ
SI
0 =

(
1

E

)
mχmr,N

√
mN

2
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1/2
min rmin

F2
SI

(Qmin)
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➢ We can estimate each term on the right-hand side, including mχ!

➢ If we accept the standard assumption for the local DM density...

❑ Constraining the SI WIMP-nucleon coupling

f 2
p =

1

ρ0

[
π

4
√

2

(
1

EA2√mN

)]
(mχ + mN)

[
2Q

1/2
min rmin

F 2
SI(Qmin)

+ I0

]
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Constraining the SI WIMP-nucleon coupling

❑ Reconstructed f 2
p

(σSI
χp = 10−8 pb, Qmax < 100 keV, 76Ge+ 28Si+ 76Ge, 3 × 50 events)

[M. Drees and CLS, in progress]
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Summary and Outlook

Summary

❑ Once two or more experiments with different target nuclei obtain
WIMP signals, we could estimate the SI WIMP-nucleon coupling.

❑ The method is independent of the velocity distribution and
(practically) the mass of halo WIMPs (neither of them is yet known).

❑ For a WIMP mass of 100 GeV the SI coupling could be estimated
with an error of ∼ 30% with only 50 events from each experiment.

❑ In spite of the uncertainty of the local Dark Matter density, at least
an upper limit on the SI coupling could be given.

❑ A full Monte Carlo simulation is now in progress.
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❑ With measured recoil energies we could estimate

➢ WIMP mass mχ

➢ SI WIMP-nucleon coupling f 2
p

➢ ratio of the SD WIMP-proton cross section to the SI one, σSD
χp /σSI

χp

➢ ratio of the SD WIMP coupling on neutrons to that on protons, an/ap
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➢ SI WIMP-nucleon coupling f 2
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➢ ratio of the SD WIMP-proton cross section to the SI one, σSD
χp /σSI

χp

➢ ratio of the SD WIMP coupling on neutrons to that on protons, an/ap

❑ These information will help us to

➢ constrain the (SUSY) parameter space

➢ identify the particle produced at colliders to be indeed Dark Matter

➢ predict the WIMP annihilation cross section 〈σanniv〉
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❑ With measured recoil energies we could estimate

➢ WIMP mass mχ

➢ SI WIMP-nucleon coupling f 2
p

➢ ratio of the SD WIMP-proton cross section to the SI one, σSD
χp /σSI

χp

➢ ratio of the SD WIMP coupling on neutrons to that on protons, an/ap

❑ These information will help us to

➢ constrain the (SUSY) parameter space

➢ identify the particle produced at colliders to be indeed Dark Matter

➢ predict the WIMP annihilation cross section 〈σanniv〉

❑ Furthermore, we could

➢ determine the local WIMP density ρ0

➢ predict the indirect detection event rate dΦ/dE
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Thank you very much for your attention
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