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Motivations

Dine, Seiberg, Thomas 2007 (BMSSM)

e The most popular SUSY model is the minimal one called MSSM.

(Just like our SM is in fact the minimal SM). Heavier degrees of

freedom are often integrated out and their effects are presented as

higher dimensional operators.

e In SUSY, it is even so, because the communication of SUSY

breaking from hidden sectors to visible sector is largely unknown. It

involves unknown dynamics at a high scale M.
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If this scale M is not as high as Planck scale, it may induce some
low energy effects, which can be studied via some higher dimensional

operators suppressed by M.

The least suppressed effective operator was suggested to be, in the

superpotential (Dine, Seiberg, Thomas)

H,Hy)?

(
MM

This term will raise the Higgs boson mass and modifies the Higgsino

properties.

It will then affect the dark matter properties of Higgsino LSP.
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An example of underlying theory

(Dine, Seiberg, Thomas)

e Existence of a heavy singlet field, similar in structure to NMSSM

Ms

W = uH,Hq + 752 + AsSH,Hy

If S > u, one can integrate out the S using

As
= ——(H.H
S = =g HuHa)
e Resulting in the following
S 2
W =uH,Hg — (HuHaq)

2Ms
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The operator

The MSSM superpotential with the dim-5 operator is

W = Wmssm + Wdim—5

where
Wissm = €ab (YuQ H U — YaQ*HiDe — Yo L*HyE® + pH{ Hy)
A a 2
Waim-—5 = Vi (EabHuHS)
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Effects on Higgs Boson Mass

e The Higgs potential receives the F'-term contribution from the new

term in the superpotential, and from the corresponding
SUSY-breaking term:

SV = 21 (HyHy)(H{ Hy, + H' Hy) + e2(H,Ha)? + h.c.

where

A ) _ MsusyA
M’ ° = M

e The BMSSM correction to the Higgs boson mass is

€1

2¢1, (Mm% + m%)sin 28 — ez, (m% — m?%) cos® 23

\/(m?4 — m%)? 4+ 4m? m?, sin? 23

5mi = v? €or + 2€1,-8in20 +

m € €
~ 8v? 5 4 5 L + O
m5 — m7, tanf3 tan? 3
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e BMSSM correction to the heavier Higgs mass is

2 2¢1, (M3 + m%)sin 28 — ez, (Mm% — m%) cos® 23

omy = 202 €2, + 2€1,-8in 20 —

\/(m?4 — m%)? 4+ 4m? m7, sin? 23

16m>2 €1
~ dv ey, — Z_ 2% —i—(’)(

2 _ 2
m% —m7,  tanpf

€
tan? 3
e to the charged Higgs mass

2 2
OMmy+ = 2€2,:v

10
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Effects on Higgs boson mass
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Effects on Higgsinos

~

L= _M(ﬁ;ﬁd—_ﬁgﬁg)_% 2 (1 1y — HOHY) (HiHy — BOHY) +2( mf iy

_Hgﬁg> (FHfH; —HHY) + (BfE; - BOHS)  + (HiH; — HOHS) | + He.

Modifications to the neutralino mass matrix M e in the basis of
(E, ﬁ//B, flg, ﬁg), are

M- 0 —mzswcg Mz Swsg
M — 0 Mo mzcwcg —mzcw Sg
N —MzSwcCg mzCcw Cg ﬁUQS% —u—}-%vQC@Sg ’
mzSwSg —mzCw Sg —u—l—%vQCBSB ﬁvQC%

while those for chargino mass matrix are

Mo — Mo \/§mW35
C \/Emwclg ,u—ﬁvQCgs@
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Neutralino masses
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Chargino masses (GeV)
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Mass Splittings

In the Higgsino LSP scenario (u < Mj 2), there is a high degree of

mass degeneracy among x;, Xo, and Xli.

Experimentally, it is a very difficult challenge to detect the soft

leptons or jets in the neutralino and chargino decays.

Even including the radiative corrections the mass splitting is less a

few GeV.

The BMSSM corrections are very sizable. Thus, the experimental
detection is easier in the sense that the decay products are more

energetic.

15
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Neutralino, Chargino mass corrections

In the light Higgsino case (M2 > mz, ),

[ 2 2 2 2
vV . (MlCW + MQSw>mZ
~ ~ 1 — — (2525 =1 1+
Mmoo iz _ o (2528 )6] + sign(p) SIVRTE (14 s26),
2 2
N (¥ . My S23
m;it ~ |p _1 - ﬁsm 5] — sign(p) M

The LSP and chargino decrease with €, but the LSP decreases faster.

Also, between Yo and x5.
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Neutralino chargino mass splittings
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Collider Detection

For the LSP mass around 100 GeV the mass difference between x'
and x5 is of order 15 — 40 GeV for € = 0.05 — 0.1,

The mass difference between )A{I—L and Y7 is even larger, of order
15 — 30 GeV for e = 0.05 — 0.1.

In the pure-Higgsino case (|u| < Mi), the mass differences due to
the BMSSM effects are of the order of |ule.

The decay products of chargino and the second neutralino is hard

enough for detection.

18
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Higgsino Fraction
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Effects on Higgsino Dark Matter

Since the mass differences of AM;O o and AM;i o due to the
2 1 1 1
BMSSM corrections increases significantly, the effect of

coannihilation will be reduced substantially.

Another compelling feature in BMSSM arises from the modified

Xi-Xi-Z coupling which is proportional to (|Ni3|* — | N14|?)

l4+en 1—ep
\/i ) \/5 )

where €, = ev’cap/(4p%). In pure MSSM (e = 0), the vertex is just
zero. The BMSSM modification is 2¢j,. It enhances xix; — Z — ff.

Ni; ~ (O, 0,

20
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e We use

Qcpmh? ~

e With coannihilation the ov is

0,0 0,0 0

X1X1  X{X4q Xq1Xq XXy

0.1 pb

(OeftV)

0

3/2
A _
O~ ~_ U~ ~ +.2(7v,vi U~ ~ <F-+ Tn+:> e Amy /T

(Oeffv) =

e For 0~,~, we have considered X} X}
X1Xq

3/2 2
[1+2 (1+ ﬁfl*) e‘Am”T]
0
X1

— hh, Z°h, Z°Z° WTW~, ff.

For 0~,~, we include x{x; — W h°, W= Z° W+, ff’

X1X1
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~ o~ 3/2
Effective cross sections: oegs [X(l)xit] = 20~ ~, (1 + Ami/mfvo) o~ AmL /Ty
X1

0
X1 X1

10000 | | | | | | | | |
=120 GeV, tan 3 = 2, M; = 500 GeV

1000

100

10

Oott [PD]

0.1

0.01 | | | | | | Ly l
0 0.01 0.02 0.03 0.04 0.0 0.06 0.07 0.08 0.09 0.1

€



K. Cheung

Spin-independent Scattering Cross Section:

e Higgsino dark matter is not flavored because of large direct

detection rate. Mainly due to the Higgs exchange diagrams.

e Since the Higgs mass increases with €, the scattering cross section

decreases substantially.

e It is brought to be under the CDMS limit (4 — 5 x 10~** cm?, shown

by a simple estimate.

25
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Summary Figure
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Conclusions

The BMSSM corrections to the Higgs boson mass goes to the right

direction, thus reducing the little hierarchy problem.

The BMSSM corrections lift up the degeneracy between the LSP
and the chargino, and between the two lighter neutralino states, so

that collider detection is easier.

The increase in mass splitting also substantially reduces the
coannihilation effects. A O(100) GeV light Higgsino can
accommodate the WMAP data and consistent with the direct

detection.

Other phenomenology to consider.
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