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Introduction Supersymmetry and MSSM

Supersymmetry (SUSY)

® Symmetry fermions < bosons
® “Standard” particles get superpartners with spin i%
® Supersymmetry is broken = soft SUSY parameters

® Motivation: unification of gauge couplings, hierarchy problem

Minimal Supersymmetric Standard Model (MSSM)
® Minimal extension of Standard Model (SM)

® Minimal Higgs sector: 2 doublets
$ ;. term in superpotential: W, = nHyH,, < u problem

® Solution: extended Higgs sector
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Introduction Extended SUSY models

“Simplest” extension of MSSM — add singlet/singlino superfield S
— extended Higgs sector: 2 doublets + 1 singlet
and neutralino sector: 5 neutralinos

Most common model:
Next-to-Minimal Supersymmetric Standard Model (NMSSM)
® Superpotential: W = A\SH;H,, + gSS + Wussm(ie = 0)

Solution of u problem: p — e = A(S)

i
3

Problem: spontaneous breaking of Z3 < domain walls
[Vilenkin, '85; Abel, Sarkar, White, '95]

o
® | arger mass of lightest scalar Higgs possible =- less fine-tuning
® — 53 breaks U(1)pq, Z3 symmetry remains

o
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Introduction MNSSM

Minimal Non-minimal Supersymmetric Standard Model (MNSSM)

[Panagiotakopoulos, Tamvakis, '99; Panagiotakopoulos, Pilaftsis, '00]
[Dedes, Hugonie, Moretti, Tamvakis, '00; Menon, Morrissey, Wagner, '04]

® Superpotential: W = A\SH; H, + S + Wyssu(i = 0) (€ <1TeV)

® Gravity induced tadpole term ¢S5 breaks U(1)po and Z3
— no domain wall problem

® Solution of i problem as in NMSSM (uess = A(5))
® Neutralino sector «++ NMSSM with k =0

® Chargino sector: like MSSM with i — e
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MNSSM Neutralino sector

® 5 Parameters (tree-level): My, My, pes, A, tan 3

® (5 x 5) mass matrix: (basis B, W3, HY, A2, 5)
( M1 0 —Mzswcg Mzswsg 0 \
0] M2 MZchg —MZchg 0
AV
Moo = —Mzsweg Mzeweg 0] — Leff —ESQ
M M 0 A
SWS — CW S — ——cC
ZSWSg ZCW Sp3 Leff NG B
AV AV
0) 0] ——35 ——0c 0)
\ N N )

sg =sinB,cg = €os B3, sy =Ssinby , cyy = COS Oy

U2 vl,Z _
teit = MS), tan g = £, 02 = 'U% + 'U%, —= = (Hg,u)

(%] V2

[NMSSMZ (M>~<o)55 = 2/<3<S>]
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MNSSM Neutralino sector

® Perturbativity up to the GUT scale = A\ (Mz) < 0.7
® Limits from chargino search = | M|, |uef| = 100 GeV

® GUT relation for gaugino masses = M, =2M;
(assumed in the following)
® 7 singlino-like, X3 5 , 5 MSSM-like
%) mixing
— 1 T 1111 "; A — 0.7
- singli tan3="5

M, = 200 GeV
M; =100 GeV

-400 -200 0 200 400
Heff [GeV]
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Upper bound on x5 mass

® Consider M>~<0M;~£O with eigenvalues | .o|?

® |n basis (B, Wg, —ﬁC?sﬁ + F]gcg, Flgcﬁ + I:I,SSQ, S)
— bottom-right 2 x 2 block of M;COM;QO:

‘Ueﬁ‘z +0° V™ eff
Vot ‘V‘Z
v = & o? = M% cos? 243 + |v]?sin® 23
V2
AV

#® Immediately obvious: | [my| < |v| = —=

V2

(minimal eigenvalue is smaller than smallest diagonal entry)

e

'mgo| — 0 for A — 0
1
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Upper bound on x5 mass

® |Improvement:
‘mio‘z also smaller than smallest eigenvalue of sub-matrix:
1

1 2
‘mx‘f‘z < 5 ‘Ueff‘z +o%+ ‘V‘Z - \/(‘Neﬁ‘z +o2+ V‘2> — 4|y|?0?

® Upper bound decreasing for increasing |pie|

— for minimal |ues| @and maximal A: M0 < 80 GeV
2 2
® For large |pes| > Mz: ||m o]? < L

0
X1 ~
(ueffz tol+ \ﬂ)
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Approximate solution for x? mass

® Characteristic equation (s eigenvalues of Mo < m>~<(_))
det (Mio — %I) —

(a0 = (M + Mo 52 ) (2 = (i #7440 sin 25

+ M% (M — %) (%2 + e SIN 20 — 1/2) =0
M = Micsy, + Moséy,

3

® If fmgo| < |myg| — ignore >, x4, 2 terms

=>det(M>~<o—%]) ~x° —Bx+(C=0

with 2 2 ~ 2.2
My M. v M M : Mzv
= o+ 2 2 2 . 2 Heft SIN 2[5 — < 2 2
My + M> poe V2 sy +v2 My + Mo (M1 + Mp)(usq + v7)
2 ~
v M1M2 . M 2
C = sin2(3 — M
p2+ 12 (Ml A A TS Z)
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Approximate solution for x? mass

® Approximate solution

(1 1
im0l :|\/||n{E ‘B— VB2 -4C|, - ‘B+\/B2—4C‘}

® Decoupling limit
® L > My or My, My > My, smalltan 3 — B? > C
¢ - ‘Neff‘”z sin2(3

‘N_

7 >
b Pegt TV

— ‘mxg

® Lo, M1, Mo > My, large tan 3
CAMZ | N
/ Méff + VZ M1M2

— ‘mxg‘

—> |mxg| decreases with increasing pues, M1, M
— [myo| ~ V2 ~ A2 for A — 0 and pesf = A(S) = const
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Numerical results
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Numerical results

Contours of difference between approximate and exact solution [GeV]

Mo [G EV]

tan3 =5 M, [GeV]
500 " 1 T

tan 5 = 30
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A= 07, M1 = 05M2

— difference < 1 GeV in most of allowed parameter space
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Production of x? at ILC

® Singlino-like neutralinos visible at ILC up to high purity ~ 99%

® o(ete” — X7X9) in MNSSM

for A\ =0.7,tan 3 =5, M> = 200 GeV, M; =100 GeV, m;s, =200 GeV, ms,, = 150 GeV

[Franke, SH, '01, '02]

beam polarizations (P.-, P.+) = (0, 0), (90%, —60%), (—90%, 60%)
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Conclusions and outlook

#® Lightest neutralino {7 in MNSSM
— predominantly singlino in most of allowed parameter space

® Upper bound and approximate solution for Mo In MNSSM
o |m>~<g\ < 80 GeV (for large A ~ 0.7 and small My, Mo, pes, tan 3)

o |m>~<o‘ decreasing with increasing M;, M>, ues Or decreasing A
1

® Visible at ILC in large regions of parameter space

® Cosmological implications

» Correct relic density through Z and (singlet) Higgs exchange
[Menon, Morrissey, Wagner, '04]

» Analogue singlino dark matter in NMSSM

[e.g. Bélanger, Boudjema, Hugonie, Pukhov, Semenov, '05]
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