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Motivation for Supersymmetry

» Unification of gauge coupling constants «j, i =1,2,3
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» Hierarchy stabilisation
» Dark matter candidate

>

= Minimal Supersymmetric Extension of the Standard Model
(MSSM)
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Motivation against Supersymmetry

» Little hierachy problem:

» Higgs mass a bit large
» SUSY not yet found

= Singlet extension of the MSSM
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NMSSM

M. Dine, N. Seiberg, S. Thomas 2007

v

Add SM singlet N coupled to H, Hy

1
W DO puHyHy+AyNH, Hyg + —pun N2
——

2
p—term
> Integrate out N
)\N 2
= West D uHyHg — 2— (Hu Hd)
U
» Raise Higgs mass, ameliorate the fine—tuning

v

But: p—problem & proton decay = Zf
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The Z{ symmetry

If one demands:

1.

anomaly freedom

2. fermion masses (Yukawa couplings & neutrino mass operator)
3.
4. gauge coupling unification (anomaly universality)

consistency with SU(5)

= only R symmetries can forbid the p—term

If additionally

5

consistency with SO(10)

= only Zf symmetry can forbid the p—term, where

H.M. Lee, S. Raby, M. Ratz., G.G. Ross, R. Schieren, K. Schmidt-Hoberg, P.V. 2010/2011

R(matter) =1, R(Higgs) =0, ROW)=2.

K.S. Babu, |. Gogoladze, K. Wang 2002
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The ZF symmetry

> 7 charges:
R(matter) =1, R(Higgs) =0, ROW)=2.
» Most general superpotential:

W = uHyHys+Y'QUH,+ Y QDHy+ YELE Hy

4+kLH,+NLLE+XNLQD+XN'UDD

1 S
+3 (LHiLH, + QQQL+ UUDE +...)
P
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The ZF symmetry

> 7 charges:
R(matter) =1, R(Higgs) =0, ROW)=2.
» Most general superpotential:

W = pHoHy+Y'QUH,+ Y QDHy+ Y¢LEH,

4k LH,+NLLE+XNLQD+)N'UDD

1 N
+4 (LHiLH, + QQQL+UUDE +...)
P

ZR broken to matter parity by anomaly =y ~ mg >
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NMSSM with ZF symmetry

v

Add SM singlet N coupled to H, Hy

W D AWNH,Hy = R(N)=2

v

Hence, linear term unconstrained, A ~ Mp

W D> NN+ Ay NH, Hy

v

Forbid linear term A2 N by symmetry?

Such symmetry would forbid p—term
~
Only ZJ can forbid pi—term

» No symmetry! Use holomorphic zeros!
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NMSSM with Zf symmetry

» NMSSM with ZE x U(1)anom
» U(1)anom Fl-term & > 0 cancelled by SM singlet ¢, R(¢) = 0:

(¢)

! \ 2
Danom = E—|0[> = 0 with &= e sin¥cabbibo ~ 0.2
P

» Non—perturbative term e~ 2% with Zf X U(1)anom charges 2
and s >0

—bS
= Wnon—pert. ) (bse ~ M3/

e.g. Arkani-Hamed, Dine & Martin 1998
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NMSSM with Zf symmetry

» Charges

¢ | HHy ] N | e P>
U(L)anom | -1 | h>0|n<0|s>0
N 0 0 2 2

» Generalised NMSSM

M. Drees 1989

Wett D 2N+ puHy Hg + AN H, Hy 4+ iy N? + kN3

where
fon emyy, po~ emyp, A~ ™R
2
m
2n 3n 3/2
KN ~ &7 M3, K ~ &7 ——5
Mg

M. Ratz, P.V. 2015
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NMSSM with Zf symmetry

» Charges

¢ | HuHy N e DS
U(]-)anom —11h>0|n<0]|s>0
ZR 0 0 2 2

» Generalised NMSSM

M. Drees 1989

Wete D 2N+ puHy Hg + XN H, Hy 4+ py N? + x N3

where
_n/2 h n+h
AN :/m3/2,u~5m3/2,)\~5
2
m
2n 3n 3/2
KN ~ &7 M3, K ~ & ——5
MP

M. Ratz, P.V. 2015
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» Charges

NMSSM with Zf symmetry

¢ | HHy ] N ] e P>
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» Generalised NMSSM
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NMSSM with Zf symmetry

» Charges

¢ | HyHyg N | e b3
U(L)anom | ~1 | h>0|n<0|s>0
ZR 0 0 2 2

» Generalised NMSSM

M. Drees 1989

Wete D 2N+ puHy Hg+ AN H, Hy 4+ py N? + N3

where
n/2 _n+h
R 5/m3/27ﬂ'\“5m3/27)"\’5
2
m
n 3n 3/2
KN ~ &7 M3, K ~ &7 ——5
MP

M. Ratz, P.V. 2015
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NMSSM with Zf symmetry

» Charges

¢ | HuHy N e DS
U(]-)anom —11h>0|n<0]|s>0
ZR 0 0 2 2

» Generalised NMSSM

M. Drees 1989

Wett D 2N+ puHy Hy + AN Hy Hy + py N2 + 1 VP

where
fom €Pmyp, o~ e'myp, A~ ™
2
m
2n . _3n 3/2
uN & m3/2, KR ~ € YR
Mg

M. Ratz, P.V. 2015
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Example: NMSSM with ZF symmetry

» Charges
¢ | HHgy | N | e°
U(1)anom | —1 1 -1 2
/N 0 0 2 2

» Generalised NMSSM

M. Drees 1989

Weit D 2N+ puHy Hg + XN H, Hg + pn N? + = N3

where

1

BN, ﬁma/z, po~ emgp, A~ O(1)
1

PN O o IS 0

> u < mgp < py ameliorates little hierarchy
M. Ratz, P.V. 2015
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Example: NMSSM with ZF symmetry

» Charges
¢ | HHgy | N | e°
U(1)anom | —1 1 -1 2
N 0 0 2 2

» Generalised NMSSM

M. Drees 1989

Wett D 2N+ puHy Hy + XN Hy Hy + oy N? + 6 N3

where

1
fo~ —=mgp, i~ emyp, A ~ O(1)

NG
1
PN~ Mz, &~ 0

> < mzspp < iy ameliorates little hierarchy
M. Ratz, P.V. 2015
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Conclusion

v

The ZE NMSSM

Holomorphic zeros forbid linear term

v

v

Effective superpotential

Weit D 2N+ puHy Hg + XN H, Hg + pun N? + = N3

v

f,puand uy set by msn
> u < m3pp < ppy ameliorates little hierarchy
A~ O(l)andk ~ 0

v
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Conclusion

v

The ZE NMSSM
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v

v

Effective superpotential
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