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Outline

Today I shall discuss

� NMSSM with right-hand sneutrino model description

� Signal search and cut application in MC simulation

� Result analysis
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From SM to MSSM

� Supersymmetry(SUSY) with R-parity conservation offers a natural Dark
Matter (DM) candidate

� But non-zero neutrino mass
� But � problem
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Why seesaw?
Seesaw mechanism is a natural way to explain neutrino mass.

� B-L breaking effect can be parameterized through an effective
dimension-5 Weinberg operator � LLHH =M

� Type-I seesaw.

m � = YT
N

1
M

YN v2 (1)



NMSSMr model Simulation and cuts Result analysis

DM candidate in SUSY

� Lightest supersymmetric particle (LSP) can be DM candidate.

� Mixed with left-hand sneutrino, right-hand sneutrino can be a DM
candidate in MSSM.
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Solution of � problem

The � term should be around the electroweak scale, why?
Extending the MSSM to the Next-to-Minimal Supersymmetric Standard
Model (NMSSM) is to promote the � term to a gauge singlet, chiral
super�eld S.

� The superpotential for the MSSM is

WMSSM = YuH2 � Qu + Yd H1 � Qd + YeH1 � Le � � H1 � H2 (2)

� By adding a singlet super�eld S, the NMSSM superpotential is

WNMSSM = YuH2 � Qu + Yd H1 � Qd + YeH1 � Le � � SH1 � H2 +
1
3

� S3 (3)

� � = � ĥSi
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Model description

The NMSSM with right-hand neutrino (NMSSMr) model is MSSM extended
by adding two singlet super�elds.

� One extra singlet super�eld Saddresses the � problem and provide
extra Higgs and neutralino states.

� The other singlet N account for right-hand neutrino and sneutrino
states.

The superpotential is

W = WNMSSM + � N SNN + yN L � H2N (4)

WNMSSM = YuH2 � Qu + Yd H1 � Qd + YeH1 � Le � � SH1 � H2 +
1
3

� S3 (5)
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Right-handed sneutrino as a dark matter candidate

� In MSSMr, it is not easy to satisfy the constrain from the relic density
with a right-handed sneutrino LSP.

� The NMSSMr offers an additional method to enhance the annihilation
cross section. The scalar potential has a term �� N HuHd

~N ~N which,
after EW Symmetry Breaking (EWSB), creates a three-point coupling
between the right-handed sneutrinos and Higgs bosons.

H

~N

~N

f

�f



NMSSMr model Simulation and cuts Result analysis

Neutrino mass and sneutrino mass

� The superpotential term � N SNN in eq 4 leads to a Majorana mass term
MN = 2� N vs. The left-handed neutrino masses are m � = y2

N v2
2=MN .

� The left-hand sneutrino ~� L and right-hand sneutrino ~N can be
decomposed by a pair of CP-even (real component) and CP-odd
(imaginary component) basis.

~� L �
1

p
2

(~� L1 + i ~� L2) ~N �
1

p
2

( ~N1 + i ~N2) (6)

The sneutrino quadratic mass term is:

1
2

(~� L1; ~N1; ~� L2; ~N2) M 2
sneutrino

0

B
B
@

~� L1
~N1

~� L2
~N2

1

C
C
A (7)
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Sneutrino mass

The sneutrino mass matrix can be given from the quadratic terms in the
scalar potential:

M 2 =

0

B
B
B
B
B
@
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(8)
The parameter are de�ned as follow:

m2
L�L � m2

~L + jyN v2j2 + D-term

m2
LR � yN (� � vsv1)y + yN AN v2

m2
L�R � yN v2(� � vs)

y

m2
R�R � m2

~N + j2� N vsj
2 + jyN v2j2

m2
RR � � N (A� N vs + ( � v2

s � � v1v2)y )

(9)
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Sneutrino mass

Assuming there is no CP-violation which means the sneutrino real part and
imaginary part do not mix. Eq 7 can be simpli�ed as:

1
2

(~vL1 ~N1)
�

m2
L�L m2

LR + m2
L�R

m2
LR + m2

L�R m2
R�R + 2m2

RR
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~vL1
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�
+

1
2

(~vL2 ~N2)
�

m2
L�L � m2
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