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Channeling quite suppressed

Talk by Dr. Peter Sorensen arXiv:1007.3549

Aside from the scintillation efficiency, focus only S2

We can open up the allowed region.
Considering the low energy background
First bin in DAMA
Some exponential background in CoGeNT
S. Chang, J. Liu, A. Pierce, N. Weiner, I. Yavin,
arXiv:1004.0697

Ambiguity in the experimental parameter
or halo profile
Changing the fraction of channeling in DAMA
CoGeNT and DAMA compatible?
Need more research on the channeling
Prof. Gelmini’s talk based on arXiv:1006.3110

Light DM
Focus on the optimistic side that the left
signal region is from the DM scattering
The channeling effect in DAMA/LIBRA is not
so suppressed.
DM of mass < 10 GeV
(Conservatively, 4-7 GeV : <6 GeV is OK)
σSI ∼ 10−40 cm2
This region is interesting to be analyzed.
So it is meaningful to investigate the model
of light DM of this parameter region.

Light DM in SUSY

σSI ∼ 10

−40

cm

2

Light DM in SUSY

Figure 2.1: Figure representing the components of our universe.
the mission by WMAP, the new satellite observing CMB anisotropies called as Planck will
succeed the mission, which is launched on May 14th 2009 by the European Space Agency
(ESA).
Searching dark matter candidates, scientists first investigated baryonic objects like MAssive Compact Halo Objects (MACHOs) as well as hydrogen gas[34]. MACHOs contain brown
and white dwarfs, Jupiter-like objects, neutron stars, and stellar black hole remnants. It is
also possible to consider primordial blackholes[35] as MACHOs, which can be investigated
by looking at Large Magellanic Cloud and observing microlensing effect. The baryonic candidates, however, are not enough to explain the hole dark matter concerning the result
that baryonic matter has a very small portion in the present universe from the researches
using the CMB and BBN as we concluded in the previous paragraph. Therefore, it is in-

σSI ∼ 10

evitable to investigate the non-baryonic matter to search DM candidates in our universe.
The non-trivial observational constraint on the relic density (2.3) is the most powerful beacon constructing the models of dark matter. Within the Standard Model contents, neutrino

is the only species which could be possibly considered as non-baryonic DM, however, it is
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SM matters not enough : The evidence of
new physics beyond the SM
Figure 2.1: Figure representing the components of our universe.

the mission by WMAP, the new satellite observing CMB anisotropies called as Planck will

succeed the mission, which is launched on May 14th 2009 by the European Space Agency

We focus on SUSY which is one of the
promising candidates of the new physics.
(ESA).

Searching dark matter candidates, scientists first investigated baryonic objects like MAs-

sive Compact Halo Objects (MACHOs) as well as hydrogen gas[34]. MACHOs contain brown
and white dwarfs, Jupiter-like objects, neutron stars, and stellar black hole remnants. It is

also possible to consider primordial blackholes[35] as MACHOs, which can be investigated
by looking at Large Magellanic Cloud and observing microlensing effect. The baryonic can-
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explain light DM of 4-7 GeV and σSI ∼ 10 cm
in SUSY models with minimal d.o.f
didates, however, are not enough to explain the hole dark matter concerning the result
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Light DM in SUSY
Two Higgs doublets (Hu, Hd realistically)
Heavy CP-even neutral Higgs : H
Light CP-even neutral Higgs : h
(CP-odd Higgs A and two charged Higgs)

� � �
H
cos α
=
h
− sin α

� � 0�
sin α
Hd
0
cos α
Hu
π
π
− ≤α≤
2
2

tanβ = vu/vd ; v² = vu ² + vd ²

Light DM in SUSY
fp,n
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π
� (p,n) mp,n
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mp,n
=
fTq aq
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aq
,
mq
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The WIMP and s-quark coupling is dominant
(p,n)
in WIMP-nucleon scattering due to large fTs
J.R. Ellis, A. Ferstl, K.A. Olive, PLB481, 304 (2000)

The t-channel exchange of Hd-like CP-even
Higgs is dominant in the WIMP-nucleon
scattering. (Neglected scalar quark exchange
since scalar quarks are usually heavier than
Higgs to satisfy the collider bounds)

Light DM in SUSY
σSI : (Higgs - s quark)² (Higgs - WIMP)² / M⁴
Two cases to obtain the large σSI
(1) Hd-like Higgs : Heavy H, large tanβ
(H : Heavy Higgs mediation)
(tanβ)² (mH)⁻⁴ term is dominant in σSI.
(2) Hd-like Higgs : Light h, small tanβ
(h : Light Higgs mediation)
(tanβ)² (mh)⁻⁴ term is dominant in σSI.
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(tanβ)² (mH)⁻⁴ term is dominant in σSI.
(2) Hd-like Higgs : Light h, small tanβ
(h : Light Higgs mediation)
(tanβ)² (mh)⁻⁴ term is dominant in σSI.
Constraints from the other experiments must
be considered.

Heavy Higgs mediation
When H is not much heavier than h
For large tanβ
σSI � 1.6 × 10
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H : as heavy as ≳ 100 GeV tanβ ≳ 200
The parameter space with such large tanβ is
highly constrained by the branching ratio of
Bs → µ+ µ−

Considering the upper limit in H/A →τ⁺τ⁻, it
−40
2
is impossible to obtain such high σSI ∼ 10 cm
E. Kuflik, A. Pierce, K. Zurek, arXiv:1003.0682
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Light Higgs mediation must be considered!

Light Higgs mediation
σSI

h is Hd-like and mh ≪ mH with moderate tanβ
�
�2 �
�2 �
�4
tan β
10 GeV
N13
−40
2
� 1.9 × 10
cm ×
,
0.3
3
mh
This is obtained for α≃β : LEP constraint.
h : as light as O(10) GeV tanβ can be O(1)
LEP constraints on the Higgs must be
considered since h is lighter than 114.4 GeV.
(1) Higgsstrahlung
e⁺e⁻ → Z* → Zh
(2) Associative production
e⁺e⁻ → Z* → hA

Light Higgs mediation
RhZ
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SM
ref : gZhA = gZZh

(1) h and A mainly decay to bb̄
mh > 10 GeV
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(1) h and A mainly decay to bb̄
mh > 10 GeV
RhZ ≲ 0.01 and RhA ≲ 0.2
for mh ≲ 20 GeV, mA ≤ 110 GeV
LEP Higgs Working Group LHWG-Note-2005-01

Light Higgs mediation
α≃β to satisfy the Higgsstrahlung constraint.
Then, cos(α-β) ≃ 1 in the associative
production.

Light Higgs mediation
α≃β to satisfy the Higgsstrahlung constraint.
Then, cos(α-β) ≃ 1 in the associative
production.
Remind RhA is proportional to B(h → bb)
This is suppressed if h dominantly decays to
the neutralino pair.

Light Higgs mediation
α≃β to satisfy the Higgsstrahlung constraint.
Then, cos(α-β) ≃ 1 in the associative
production.
Remind RhA is proportional to B(h → bb)
This is suppressed if h dominantly decays to
the neutralino pair.
χχ̄

Light Higgs mediation
α≃β to satisfy the Higgsstrahlung constraint.
Then, cos(α-β) ≃ 1 in the associative
production.
Remind RhA is proportional to B(h → bb)
This is suppressed if h dominantly decays to
the neutralino pair.
χχ̄
mh ≳ 2 mχ (〜 20 GeV) and low tanβ ≲ 3 may
provide plausible parameter space.
(tanβ ≲ 3 : C.E. Yaguna, PRD 76, 075017 (2007) )

Light Higgs mediation
(2) h mainly decays to τ⁺τ⁻
mh < 10 GeV
No constraint from the
associative production for
mA ≤ 120 GeV.
Instead, the constraint from
the radiative Υ decay Υ→hγ
is on rise as well as the
Higgsstrahlung sin(α-β)≃0.
Strongest experimental bound B(Υ → hγ) < 10
→ Most conservative Higgs mass bound
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Light Higgs in the MSSM
Plausible light Higgs 9 GeV ≲ mh ≲ 20 GeV
Tree level Higgs mass matrix in the MSSM
�

MZ2 c2β + m2A s2β
2
2
−(MZ + mA )sβ cβ

−(MZ2 + m2A )sβ cβ
2 2
2 2
MZ sβ + mA cβ

cβ = cos β, sβ = sin β

�

(Hd0 , Hu0 )basis

tanβ ≲ 5 : β is near to π/2
To obtain such light Higgs, mA < MZ
since MZ is fixed as 〜 90 GeV

Light Higgs in the MSSM
mA << MZ : h is mostly down-type α ≃ π/2
Not favored by invisible Z-width Z→hA
mA ≲ MZ : Maximal mixing α ≃ -π/4
Not favored by the Higgsstrahlung
since β is positive

Light Higgs in the MSSM
mA << MZ : h is mostly down-type α ≃ π/2
Not favored by invisible Z-width Z→hA
mA ≲ MZ : Maximal mixing α ≃ -π/4
Not favored by the Higgsstrahlung
since β is positive

Light Higgs mediation scenario cannot be realized
in the MSSM!

Light Higgs in the BMSSM
We consider additional correction to the
tree level Higgs mass : BMSSM
M.Dine, N. Seiberg, S. Thomas, PRD 76, 095004 (2007)
�

MZ2 c2β

+ m2A s2β + 4v 2 �1 s2β + 4v 2 �2 s2β
−(MZ2 + m2A )sβ cβ + 4v 2 �1

−(MZ2 + m2A )sβ cβ + 4v 2 �1
MZ2 s2β + m2A c2β + 4v 2 �1 s2β + 4v 2 �2 c2β

We consider the BMSSM to realize the light
Higgs mediation scenario with minimal contents.
(without additional light d.o.f. such as NMSSM
J.F. Gunion, D. Hooper, B. McElrath, PRD 73, 015011 (2006)

�

)

Light Higgs in the BMSSM
Negative ε₂ correction effectively reduces
mA² in the MSSM to mA²+4v²ε₂ so that very
light h scenario can be realized without
introducing light CP-odd Higgs.
Positive ε₁ correction can reduce the offdiagonal Higgs mixing.
When 4v²ε₁ ≳ (MZ²+mA²) sβcβ, we achieve
α≲π/2 so that the Higgsstrahlung bound can
be avoided.

Light Higgs in the BMSSM

mh larger than 10 GeV may demand smaller
tanβ < 3 to satisfy the constraint from RhA
−40
2
Large ε₁,₂ to satisfy σSI ∼ 10 cm
(>10%)

Light Higgs in the BMSSM

9 GeV ≲ mh ≲ 10 GeV with sin(α-β) < 0.01
is favored in the BMSSM

mh larger than 10 GeV may demand smaller
tanβ < 3 to satisfy the constraint from RhA
−40
2
Large ε₁,₂ to satisfy σSI ∼ 10 cm
(>10%)

Relic abundance
Since the neutralinos are very light ≲ 7 GeV,
they annihilate only to light fermions at the
freeze-out.
The neutralino is much lighter than A, scalar
quarks, and Z-boson so that the dominant
annihilation process is mediated by the CPeven Higgs h which is a P-wave process.
Small tanβ 〜 3 constrains the interaction of
h to the SM fermions.
Therefore, the resonant annihilation is the
only possible process to obtain the right relic
abundance.

Relic abundance

Conclusions
Light DM of < 10 GeV and 10-40 cm2 is being
focussed on these days.
We searched such reliable parameter space
within SUSY models which is one of the
promising candidates of the new physics
beyond the SM (with the minimal number of
contents)
We found that light Hd like Higgs mediation
with low tanβ is viable
MSSM is not suitable for the light mediation :
BMSSM is considered.

From the constraints by other experiments
such as LEP, Upsilon decay, we found reliable
range for the mass of the light Higgs 9-10 GeV
within the plausible parameter space of
BMSSM.
The relic abundance of the light neutralino is
obtained by the resonant process in the pair
annihilation to give the right value observed by
WMAP. Therefore, WIMP mass 5-6 GeV is
viable. (Anyway survived : Dr. Sorensen’s result)
Consequently, we succeeded to obtain the
reliable parameter space for light DM
consistent with CoGeNT and DAMA/LIBRA,
without introducing additional light d.o.f.

Merci beaucoup!
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Grey : B→τν
Below the red region : φ→ττ

Back-up slide
Upsilon decay

−4

B(Υ → hγ) ≈ 1.59 × 10

× z(0.928 − 0.302z

z = 1 − m2h /m2Υ

−1/2
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) tan β

