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Recent dark matter experiment – CoGent

7 GeV . mDM . 11 GeV
3× 10−41 cm2 . σ . 1× 10−40 cm2

Similar region indicated by DAMA.
Will be tested soon by Xenon100.
Try our most favorite model – MSSM.
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Motivation - Xenon100
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Motivation - CoGent/DAMA
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What are we doing differently?
Understand what is being constrained. No scans
Many constraints can be set to zero by fixing parameters.
(B → µ+µ−,b → sγ)
Push the limits with loop corrections.
Use newer constraints from rare B-meson decays.
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Z -width

How can we get a light LSP
Check the invisible Z -width.

χ = z̃BB̃ + z̃W W̃ + z̃d H̃d + z̃uH̃u

Should be mostly Bino, since a pure Bino does not couple
to the Z .
But with largest possible Higgsino component consistent
with the invisible Z -width
Γ(Z → χ0χ0) = g2

4π
(z̃2

d−z̃2
u )

2

24c2
w

MZ

Higgsino Component: z̃d ∼ sW mZ/µ – constraint on µ
At 2σ, Γ(Z → χ0χ0) < 3 MeV.
µ ≥ 108 GeV – similar to Chargino limits at LEP.

Eric Kuflik Large Scattering Cross Sections in the MSSM



Z -width

How can we get a light LSP
Check the invisible Z -width.

χ = z̃BB̃ + z̃W W̃ + z̃d H̃d + z̃uH̃u

Should be mostly Bino, since a pure Bino does not couple
to the Z .
But with largest possible Higgsino component consistent
with the invisible Z -width
Γ(Z → χ0χ0) = g2

4π
(z̃2

d−z̃2
u )

2

24c2
w

MZ

Higgsino Component: z̃d ∼ sW mZ/µ – constraint on µ
At 2σ, Γ(Z → χ0χ0) < 3 MeV.
µ ≥ 108 GeV – similar to Chargino limits at LEP.

Eric Kuflik Large Scattering Cross Sections in the MSSM



Z -width

How can we get a light LSP
Check the invisible Z -width.

χ = z̃BB̃ + z̃W W̃ + z̃d H̃d + z̃uH̃u

Should be mostly Bino, since a pure Bino does not couple
to the Z .
But with largest possible Higgsino component consistent
with the invisible Z -width
Γ(Z → χ0χ0) = g2

4π
(z̃2

d−z̃2
u )

2

24c2
w

MZ

Higgsino Component: z̃d ∼ sW mZ/µ – constraint on µ
At 2σ, Γ(Z → χ0χ0) < 3 MeV.
µ ≥ 108 GeV – similar to Chargino limits at LEP.

Eric Kuflik Large Scattering Cross Sections in the MSSM



Higgs sector in the MSSM

5 Higgses h,H,A,H±

At tree level

m2
h,H = 1

2

(
m2

A + m2
Z ∓

√
(m2

A −m2
Z )2 + 4m2

Z m2
A sin2 2β

)
m2

H± = m2
A + m2

W .

For small mA and large tanβ

mH = mA

H,A has large (tanβ enhanced) couplings to down-type
quarks
H,A searches at Tevatron:

H,A→ ττ, t → bH±
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Largest scattering cross sections occur for large tanβ and
small Higgs mass mA

σn ≈ 2.3× 10−41 cm2
(

z̃d

0.4

)2( tanβ
50

)2(100 GeV
mH

)4

× 1
(1 + ∆mb)2 , (1)

Maximized for small mH , large tanβ, and large Higgsino
fraction
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Direct Detection Scattering

Higgsino/Bino Components
Parameter: tanβ, µ, mχ

Z -Width, Chargino Limits

Yukawa couplings, Higgs
masses
Parameter: tanβ, mH ,mA,mH± ,
∆mb

Collider Searches, H,A→ τ+τ−

t → H±b
B-Physics: B → µ+µ−,
B± → τ±ν, b → sγ
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∆mb - Hall, Kostelecky and Raby

Corrections to the b-mass

∆mb = (ε0 + y2
t εY ) tanβ

ε0 ∼
2αs

3π
M3µ εY ∼

1
16π2 Atµ

∆mb < 0 implies a larger bottom Yukawa coupling to H
∆mb > 0 implies a smaller bottom Yukawa coupling to H
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∆mb,Bs → µ+µ− Buras, Chankowski, Rosiek,
Slawianowska

Need an allowed range for ∆mb

Bs → µ+µ−

BR(Bs → µµ) ∼ tan6 β

(
mt

MA

)4 (16π2εY )2

(1 + ∆mb)2(1 + ε0 tanβ)2 .

This requires εy ∼ 0. Can always take At = 0.
Taking sbottom masses near the Tevatron bound mb̃ = 250
GeV and µ = ±110 GeV.

|ε0| < εmax = 6× 10−3
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B → τν

RBτν =
Br(B → τν)MSSM

Br(B → τν)SM
=

[
1−

(
m2

B

m2
H±

)
tan2 β

1 + ε0 tanβ

]2

Babar and Belle give 4σ combined significance away from
0.

0.85 < RBτν < 2.43

Can suppress SM contribution, but for large tanβ and
small mH± the MSSM can dominate.
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B → Dτν

Kamenik, Mescia, 0802.3790; Bona, et al, 0908.3470

Br(B → Dτν)

Br(B → Deν)
= (0.28)×

[
1 + 1.38Re(Cτ

NP) + 0.88|Cτ
NP |2

]
where

Cτ
NP = −mbmτ

m2
H+

tan2 β

1 + ε0 tanβ

Br(B → Dτν)

Br(B → Deν) EXP
= .49± .10

Can overwhelm SM contribution for large tanβ and small
mH± .
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The light Higgs mass and large tanβ region is ruled out.
Look at the region where the MSSM contribution to
B-decays is small.
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Conclusions

B decays are the most constraining.
Maximum Cross Sections σn . 10−42 cm2

Too small for CoGent and DAMA.
This region will be tested by XENON100
Need to understand the low/mid tanβ region.
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t → bH±

Tevatron Constraints

Γ(t → bH+) =
1

(1 + ∆mb)2
g2mt

64πM2
W

(
1−

m2
b

m2
t

)2

m2
b tan2 β
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t → bH±
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H,A→ τ+τ−
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Summary
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